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PREFACE 

The following pages are devoted to descriptions of complete railways and portions 
of main line railways electrified on the single -phase system. Most of the chapters 
appeared originally in the columns of The Engineer, and I am indebted to the Editor 
of that journal for permission to embody them in this book. In England there are 
but two examples of single-phase operation, one on the Midland Railway, the other 
on the London, Brighton .and South Coast Railway ; but on the Continent the system 
has gained great popularity. Indeed, progress has been so rapid that this book has 
become much larger than it was intended to be at the outset. Even now it does not 
cover the entire field, but it describes some of the most important undertakings and 
refers to various schemes in the constructional stage. Its primary objects are to show 
what has been done abroad and to put before engineers and others interested in railway 



rsk electrification details of overhead equipments, locomotives, motor coaches, etc., used 

"^ on English, Continental and American single -phase lines. 

Whilst the book was in preparation alterations and additions to existing equip- 

^ ments were constantly being made, and at the time of going to press a so-called " split- 

phase system " is being developed in America. Single -phase current is collected 
from the overhead wire ; it is then converted into polyphase current and supplied to 
polyphase driving motors. As far back as 1891 Mr. Ward Leonard patented a similar 
scheme. It was proposed to feed a synchronous motor with single -phase current taken 
^ from the overhead wire ; the motor was to drive a dynamo, this in turn supplying direct 

current to a driving motor. Other systems designed to avoid the use of single -phase 
commutator motors have since been devised, but they have not gained prominence* 
Most Continental firms are entirely satisfied with the single -phase motors they have 
developed ; in America, on the other hand, there is every appearance of the " spUt- 
phase " system making headway. 

The publication of this book has already been delayed considerably by endeavour- 
ing to make it cover everything. As soon as a new section was added something else 
called for another, until at last it became evident that it was time to stop. The book, 
therefore, goes to press without any reference, beyond that given here, to this new 
system which is attracting so much attention in America. Nor has much attention 
been paid to single -phase commiitatoKmotors, for those machines have been dealt 
with by many electrical wri^pif. 

I have received material assistance from various manufacturing firms, all of which 
are referred to in the text. To Mr. Philip Dawson, M.Inst.C.E., I am greatly indebted 
for help in describing the work carried out under his direction on the Brighton line. 

E. A. 

358283 
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CHAPTER I 
THE SINGLE-PHASE SYSTEM 

Many engineers who have made a study of railway electrification have arrived 
at the conclusion that the single-phase system is very suitable for long-distance main 
line working, because it is possible to use 6,000, 10,000 or even 20,000 volts on the 
. track. It 19 a common belief, however, that it is wrong to employ it on the interurban 
and suburban sections of main lines, and some authorities seem to contend that the 
proper thing to do is to put down a direct-current system for these short sections and 
to use alternating current for long journeys. 

One of the most common objections to single-phase railways seems to be that 
the cost per mile of the overhead line is much more than that of the third-rail equip- 
ment, and it is believed to be far more expensive to maintain. A well-known 
electrical engineer has stated that a good and properly insulated overhead equipment 
for single-phase working costs nearly five times as much per mile of line as a third- 
rail equipment, and that its maintenance cost is also about six times greater than 
that of the third-rail. Assuming for the moment there is some truth in the 
statement, we have to remember that the direct-current system involves the use of 
rotary converter sub-stations. But the figures quoted above are much in excess of 
those obtained in practice. Very definite information with respect to these points 
is given in a letter written by Dr. H. Alexander to The Times in May, 1912. It seems 
from this letter that the cost of the overhead line for the Blankenese-Ohlsdorf City 
and Suburban Railway, constructed in 1908, was £1,250 per mile of single track, and 
that for more recent lines of the Prussian State Railways the cost has been con- 
siderably reduced by the employment of 100 m. spans, the price per mile now being 
about £800, including poles and erection, as against £1,000 to £1,200 for one mile of 
under-running third-raU equipment as used on main Imes. 

Moreover, the statement that the maintenance cost of the overhead equipment 
is about six times greater than that of the third-rail does not appear to apply to 
the existing Blankenese-Ohlsdorf line. Dr. Alexander also says that the operating 
costs of the City and Suburban Railway, Blankenese-Ohlsdorf, are practically the 
same as those of the Central London Une, and lower than those of the West Jersey 
and Seashore Une. As Dr. Alexander fully recognises, it is difficult to make a satis- 
factory comparison of the working expenses of any two railways, owing to the diflEerence 
of conditions — such, for example, as profile of road, weight and nature of service of 
the trains, distance between stops, price of coal, and so forth. Nevertheless, the 
figures which the writer has provided are instructive, and it is to be hoped that 
similar particulars relating to single-phase working in this country will shortly be 
available. 

In the light of results obtained in America, it appears undesirable that cars 
should be equipped with combined single-phase and direct-current gear to enable 
them to work on 600-volt lines within the suburban area. Such practice involves 
appreciable complications and necessitates the use of two distinct systems of genera- 
tion or the employment of motor generators for the supply of direct current. It 
seems quite reasonable to assume that even if the single-phase system were proved 

E.R. B 
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to be slightly less eflSeient than the direct-current system for working suburban services, 
it would be advisable to adopt it on suburban sections of main lines where there is 
a possibility of the electrified system being extended over long distances. 

There is not the least doubt that certain changes which have been made in America 
from single-phase to direct-current have caused people in this country to have doubts 
AS to the reliability and economy of single-phase working, particularly for suburban 
lines. There were various reasons for these changes, one being that the cars on 
some lines had to be fitted with combined single-phase and direct-current equipment, 
to enable them to pass on to the 600-volt street railway lines, with the result 
that considerable complications were introduced. Furthermore, some of the lines 
were electrified in the early stages of single-phase development, and the excessive 
maintenance charges were brought about by errors in design and faults that have now 
been eUminated. On the so-called high-tension direct-current lines the pressure 
employed is usually 1,500 volts, and two motors are connected in series. The 
maximum pressure that has been used on a commercial direct-current railway is some- 
where in the neighbourhood of 3,000 volts, whereas in the case of the single-phase 
system a pressure of over 15,000 volts has been reached. IncidentaUy it may be men- 
tioned that the advocates of high-tension continuous-current are finding that they 
require overhead wires, so that no more need be said about the excessive cost of the 
single-phase equipment. 

Some years ago the OerUkon Company succeeded in turning out a perfectly 
successful 2,000- volt direct-current traction motor, but, notwithstanding, the company 
discarded the high-tension direct-current scheme in favour of single-phase alternating 
current. This firm has come to the conclusion that even on short lengths of line, 
such as those constituting the suburban section of main line railways, the rotary 
converter sub-stations along the track represent such a great increase in the capital 
outlay and decrease in the over-all efficiency that the sUghtly higher costs associated 
with other parts of the single-phase system are not worth considering. Moreover, 
this firm has discovered — and the same report is issued by the American Westing- 
house Company — that traction motors constructed for 15-cycle circuits are practically 
no heavier than those built for 1,500-volt direct-current railways. It is true 
that the alternating-current system is Uable to give rise to trouble by reason of 
its effect on telephones, but in a paper read some little time ago in Switzerland, 
Dr. Hans Behn Eschenburg has shown how all such troubles may be avoided. 
As regards the question of power factor, excellent results are obtained with modem 
single^phase railway motors, and there does not appear to be room for much adverse 
criticism in this direction. 

Before the single-phase railway motor was developed, a great deal of discussion 
took place with respect to the relative merits of direct-current and three-phase 
working, and it will be remembered that this was a question that gave rise to much 
argument at the time of the electrification of the District Railway. The three-phase 
system appears fairly good for certain conditions, but it does not seem to be 
applicable to many cases of railway electrification in this country. One of the 
principal objections to it is that it necessitates the employment of two overhead 
wires over each track and the use of two independent current collectors. At 
complicated portions of the track the employment of two overhead wires some- 
times presents great difficulties. Furthermore, as there is a considerable difference 
of potential between these conductors, it is not at all easy to construct overhead 
equipment for such high voltages as are now employed with single-phase systems. 
On the other hand, the induction motor, which is the type of machine used on these 
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three-phase railways, is a remarkably simple and robust machine, and possesses the 
property of regenerating and returning current to the line without involving 
complications. When the rotor of an induction motor is revolved at a speed 
exceeding that of the magnetic field produced by the stator the machine becomes a 
generator and returns current to the line. 

Thus on railways possessing steep gradients the motors send current back into 
the line when the train is on down gradients, and the output of the power station can 
be decreased in consequence. The speed characteristics of an induction motor, how- 
ever, are similar to those of a shunt motor, and the machine tends to run at the same 
speed at all loads. Even if the wheels of a three-phase locomotive slip, the speed 
remains practicaUy constant. The characteristics of the series motor are usually 
preferable for railway work, since the speed adjusts itself constantly and automatically 
to the different conditions. The regenerating property of the three-phase motor has 
proved a great advantage in Italy notwithstanding that resistances are used partly 
to Umit the regenerated current. Single-phase locomotives can now be made to 
regenerate on down gradients, but it cannot be denied that this rather complicates 
the electrical equipment. 

To obtain better conditions as regards speed regulation power factor, etc., it has 
been proposed to use three-phase commutator motors — a type of machine that has 
recently gained favour on the Continent — ^but it is quite obvious that this would 
be the means of robbing the three-phase railway of its principal asset — the simple 
induction motor. Before the single-phase commutator motor reached its present stage 
of perfection it was quite easy to understand why there was a tendency to adopt the 
three-phase system where the conditions were not favourable for the use of con- 
tinuous current. But now that the single-phase system is well out of the experimental 
stage, and a large number of railways electrified on these lines are at work, it appears 
that the field for three-phase electrification is very limited. 

No doubt cases are still to be found where the scheme would show up to good 
advantage, but it is, nevertheless, a fact that in the great majority of instances the 
choice lies between single-phase and direct-current. 

With a full knowledge of the characteristics of each system, and after having 
made a careful study of the line it is required to electrify, it should be possible to 
give clear and sound advice, and a great many of the arguments that are constantlj^ 
occurring might be avoided. So far as generalisation is possible, it appears that 
the direct-current system should be confined to tramways and overhead and under- 
;ground lines that are not in connection with main line systems, whilst single-phase 
working should be adopted whenever there is a possibility of running heavy electric 
trains long distances. The point to be remembered is that the single-phase system 
lends itself to unlimited extensions whilst the low-tension direct-current system 
does not. 
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CHAPTER II 
THE LONDON, BRIGHTON AND SOUTH COAST RAILWAY 

When it was decided to electrify some of the suburban lines of the London, 
Brighton and South Coast Railway, the merits and demerits of the alternating and 
direct current systems were carefully considered, and it was not until the work carried 
out in Europe and in the United States had been thoroughly investigated that the 
single -phase system was selected. The possibility of running electric trains to Brighton 
and to other places outside the suburban area was an item which had to be taken 
into account, and since the single -phase system is highly suitable for long distance 
working, it is difficult to understand why anyone should express doubts as to the 
advisability of employing it on this railway. 

It was in 1903 that the directors of the company instructed Mr. Philip Dawson 
to report to them on the conversion of the suburban system. He was to consider 
whether electric working would enable the company more effectively to meet the 
severe competition which had been experienced from the electric tramways, and in 
the first instance, he was requested particularly to consider the advisability of electri- 
fying the line between Victoria and London Bridge — a section of the railway which 
had suffered considerably since the introduction of electric traction on the London 
County Council's tramways. Mr. Dawson's report was forwarded to the directors in 
July, 1904, and after it had been examined, he was instructed to prepare specifications 
and to call for tenders for the electrification of a portion of the South London line 
between Peckham Rye and Battersea Park. The contract for the work was then 
awarded to the Allgemeine Elektricitats Gesellschaft, Berln. It was afterwards 
decided to extend the electrified system to Victoria and London Bridge, and the con- 
tract for the work associated with this undertaking was signed on March 30th, 1906. 

The first experimental electric train was run between Battersea Park and East 
Brixton on January 17th, 1909, and the whole of the electrified system between London 
Bridge and Victoria was opened for pubUc service on December 1st of the same year. 
This section of the railway has been named " The South London Elevated Electric." 
During 1910 and the early part of 1911 extensions were made from Battersea Park 
through West Norwood and the Crystal Palace to Selhurst, and also from Peckham Rye 
to West Norwood. Furthermore, it has recently been announced that the directors 
have decided to equip for electric working the following portions of the line : 
(a) From London Bridge through South Bermondsey, New Cross, Brockley, Honor 
Oak Park, Forest Hill, Sydenham, Penge and Anerley to Norwood Junction ; (6) the 
short connecting line between New Cross and Old Kent Road ; (c) the short con- 
necting line between the Sydenham -Penge line and the Crystal Palace ; {d) from 
Norwood Junction through East Croydon and South Croydon, Purley Oaks and 
Purley to Coulsdon ; (e) from Norwood Junction through West Croydon, Waddon 
and Wallington to Sutton ; (/) from Tulse Hill through Strcatham, Mitcham 
Junction, Hackbridge, Carshalton, and Sutton to Cheam ; (g) the short connecting 
line from the East Croydon -Norwood Junction line to Selhurst ; (h) the short con- 
necting line from the West Croydon -Norwood Junction line to Selhurst ; {j) from 
Selhurst through Thornton Heath, Norbury, and Streatham Common to Balham ; 
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(k) from Streatham to Streatham Common, and (I) the short connecting line between 
the Mitcham Junction -Streatham and the Streatham Common-Balham lines. 
Additional electrification of some of the lines in the vicinity of a few of the larger 
stations mentioned will also be necessitated. These proposals are set out in the small 
inset map (Fig. 1), in which the existing electric roads are shown in broad black lines, 
the roads which it is proposed to electrify in dotted lines, and other lines of the com- 
pany in fine black lines. It will be observed that the only services in the immediate 
vicinity of London which are for the present, at any rate, not to be dealt with, are 
the Wimbledon loop, which includes the Tooting Junction, Haydon's Road, Wimble- 
don, Merton Park, and Merton Abbey stations, and the cross country line from 
West Croydon to Merton Park, which passes through Beddington Lane, Mitcham 
Junction, Mitcham and Morden. Farther out, the main Portsmouth line beyond 
Cheam, the Epsom Down branch, and the Sanderstead line are also for the present to 
remain as they are. 

The Unes now electrified represent some 70 miles of single track. The length 
which is now to be converted for electric operation is very nearly 160 miles of 
single track, including sidings, so that when the new scheme is completed the company 
will have some 220 miles of its Unes electrically equipped. This, it is hardly necessary 
to say, constitutes by far the largest electrification scheme undertaken by a railway 
company in this country. The total length of the Brighton Company's system, 
including sidings, is given in ** The Railway Year-Book for 1912 " as being 1,224 miles 
of single track. Two hundred and twenty miles represents rather more than one-sixth 
of the whole system. 

This decision of the directors has not been unforeseen, for it is well known that 
success has followed the electrification of the sections already dealt with. Figures 
relative to the South London line — between Victoria and London Bridge by way of 
Battersea. Park, Wandsworth Road, Clapham Road, East Brixton, Denmark Hill, 
Peckham Rye, Queen's Road, Old Kent Road, and South Bermondsey — which, as 
explained above, was the first portion of the line to be converted, are of interest. 
Before the London County Council's electric tramways came into competition 'wdth 
the line, some 8,000,000 passengers were carried on it per annum. By the year 1908, 
thiii number had decreased to something like 3,000,000, and, naturally enough, the 
receipts shrank with the diminution in passengers, and httle or no reduction in working 
expenses was possible. Since the electrification, not only has the lost ground been 
recovered, but now some 10,000,000 passengers, or 2,000,000 in excess of the original 
figure, are carried each year. PracticaUy no alteration in fares has been made, so 
that the increase in receipts has been very nearly proportional to the increase in 
passengers carried. Equally satisfactory results are being achieved with the other 
electrified lines, though on the Victoria -Crystal Palace Une competition from tram- 
ways and motor omnibuses had been less severe. This was probably due to the 
greater distances between stations and to the direction taken not corresponding to a 
marked extent with that taken by main roads. The portion between Balham and 
West Norwood may be cited as an example of this. Nevertheless, in spite of there 
not being so much leeway to make up, the increase in the traffic during the first eighteen 
months was remarkable. Therefore, it is not surprising that the company has decided 
further to extend electric working. Indeed, it would not be a surprise to a great 
many were the directors eventually to make up their minds to convert the w^hole 
system for electric working. That, however, is looking somewhat far ahead. 

The sections now to be electrified comprise four sets of lines between Balham 
and Croydon, and Sutton and Cheam, between Bricklayers' Arms, which is just north 
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of New Cross and Croydon, and between Croydon and Purlcy ; three sets of lines 
between London Bridge and Bricklayers' Arms, the remaining portions having the 
ordinary two sets of lines. The present electrical rolling stock consists of fifty 
motor coaches. An additional 200 motor coaches will, in round figures, be required 
to operate the extensions. 

It is noteworthy that the supply of electricity, which the company has hitherto 
purchased from the London Electric Supply Corporation, has proved so satisfactory, 
that it is intended to call upon this source for the additional current which will be 
required for the new lines. This will entail the installation at the Deptford generating 
station of additional plant of something Uke 40,000 or 60,000 kw., giving the 
station a total capacity, including that for its other power and lighting business, of 
about 80,000 h.p. 

As is shown on the large map (Fig. 1), the Coulsdon station, to which electric trams 
are to run, is on the main Brighton line, and since it is nearly one-third of the way to 
Brighton, there is every reason to suppose that the directors will eventually decide 
to extend the electrified system to that popular seaside resort. It is also important 
to note that the whole of the service to Hastings and Eastbourne is worked over the 
same main Une as far as Wivelsfield, which is ten miles from Brighton. These services 
together involve a total of almost sixty passenger trains a day in each direction, so 
that altogether it would appear that the electrification of the main line to Brighton 
is highly desirable. Further, the distance from London Bridge to Portsmouth via 
Brighton is only ten miles longer than the present route via Horsham and Arundel 
and the curves and gradients are less severe, so that if the main Brighton line is electri- 
fied the adoption of this alternative route is well within the range of possibiUty. 
When all these things are taken into account, it is easy to understand why Mr. Philip 
Dawson decided to employ the single-phase system. 

On the line originally electrified from Victoria to London Bridge there are nine 
intermediate stations. It is 8*7 miles long, and the average distance between stations 
is 4,690 ft. The shortest distance between any two stations is between Old Kent 
Road and Queen's Road. The distance is 1,386 ft. It is seldom that a train runs 
in either direction without a stoppage due to signals. The running time allowed, 
according to the time-table, is 24 minutes, including stops. 

Profiles of the South London Unes and also of the later electrified portions of the 
railway are given in Fig. 2. They show that the conditions prevailing are 
by no means favourable for electrification, and having regard to the satisfactory 
results which have been obtained, it is evident that there cannot be very much wrong 
with the single -phase system. The curves which are indicated by the lines below the 
profiles are both sharp and numerous. Moreover, the gradients are long and 
severe, and there are rising gradients at each end of some of the stations. Many 
difficulties were encountered in electrifying the lines owing to the smaU clearances at 
bridges, etc., and a great deal of ingenuity has been brought to bear on the various 
problems which arose. 

Two running lines have been equipped for electric working between Victoria and 
Peckham Rye, and three between the latter station and London Bridge. The second 
extension, which has now been completed some time, comprises a route length of 3^ 
miles from Peckham Rye Junction to West Norwood, and just over 10 miles from 
Battersea Park to Selhurst via the Crystal Palace. Four tracks are equipped for 
electrical working between Victoria and Balham. On the remainder of the track as 
far as Selhurst two lines have been equipped for electrical working as well as the 
sidings at Clapham Junction, Streatham Hill and Crystal Palace stations, eto. 
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The simplicity of the feeding and distributing system is shown very clearly by 
the diagram (Fig. 3) where the overhead central wires are represented by the thick 
lines, and the distributing cables and other cables by finer lines. The diagram is 
divided into four parts for the sake of convenience, but by referring to the map of 
the railway there should be no difficulty in understanding where the overhead 
conductors and cables are joined. The tracks represented by the dotted linos have 
now been electrified, and also other roads that are not shown at all, but the illustration 
gives a very good idea of the general wiring system. Before deaUng with this 
diagram further, however, it should be stated that in view of the fact that the 
electrolytic effects of alternating current are less troublesome than those of direct 
currents, the Board of Trade fixed the maximum permissible drop in the return 
circuit at 20 volts instead of 7 volts as allowed for electric tramways. An entirely 
insulated return circuit was of course out of the question, and, consequently, this 
Umit of 20 volts had to be kept well in view when designing the feeding and dis- 
tributing system. The overhead system on the South London line is divided into 
sections as shown in the diagram. There is a complete section between stations. 
The up and down lines are entirely separate. But owing to the compUcated nature 
of the work at Victoria and London Bridge, it was not possible to adhere to this 
practice at these points, consequently a zone was formed comprising all the com- 
plicated crossings. This is fed separately. The current is suppUed to the South 
London lines from the power station at Deptford by means of two feeder cables. 
These terminate at the Queen's Road station s\^itch cabin, where the current delivered 
to the railway is measured by a double set of meters. The feeders are then carried to 
the distributing room at Peckham Rye, as shown on the diagram. These feeders 
consist of two paper insulated lead-covered concentric cables, each conductor 
having a sectional area of '26 sq. in. For the second extension another feeder was 
laid, this having "5 sq. in. conductors, and for the extension between Peckham and 
Tulse Hill a further feeder was provided having "26 sq. in. conductors, the latter two 
cables terminating in the Peckham Rye distributing room. There is also a feeder 
connecting the Peckham Rye distributing room with the distributing room at Tulse 
Hill, each conductor of which has a section of '6 sq. in. So far these are all the feeders 
that exist, but there are naturally distributing cables which are connected in parallel 
with the overhead conductors, and with the aid of the switches in the switch cabins, 
the current can be cut off from any section without interrupting the supply on the 
remainder of the railway. There are also booster cables. Current is supplied to the 
railway at a pressure of 6,600 volts and at a periodicity of 25 cycles per second. 

On the South London line the distributors and booster mains consist of two 
concentric cables, the booster cable being paper insulated and lead covered, whilst 
the distributor is a bitumen cable. The inner core in both cases has a section of 
•125 sq. in., whilst the section of the outer core is '6 sq. in. The distributing cable 
extends the whole length of the South London system. The outer conductor is laid 
over the bitumen protection, and is bonded to each rail length of the electrified Unes. 
The rails are not bonded over the fish plates. The inner conductor, on the other hand, 
is led into each switch cabin and connected in parallel with the trolley wires, as shown 
in the diagram. On the other electrified sections of the line the booster cable has only 
one conductor, the inner conductor having been dispensed with. The inner conductor 
of the distributor, however, has a section of '26 sq. in. as compared with '125 in. on 
the South London line. The booster conductor therefore takes the form of a single 
low tension return conductor, having a section of '5 sq. in., with paper insulation and 
a lead sheath- The booster transformers, which are intended to boost the return 
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circuit and to cause the current to return to the generating station by way of the cable, 
have a ratio of 1 to 1. It will be noticed (see Fig. 3) that the boosters are all con- 
nected in series both on the primary and secondary sides. 

The modified form of booster cable used on the second extension system 
was employed with the objects of reducing the capital cost and of utilising the 
copper in the cables to better advantage. All the booster transformers are pro- 
vided with short circuiting links on the low tension side, and on the high tension side 
there are two switches, one a double-pole switch, which serves to connect the booster 
in circuit, and the other a single -pole switch, which is used for short circuiting the 
high tension winding. The handles of these switches are interlocked, so that the 
boosting transformers are either connected in circuit as shown in the diagram, or 
cut out of circuit and the windings short circuited. Tests have been carried out 
with the object of determining the value of these boosting transformers, and it was 
discovered that little of the current returned through the rails or the outer conductor 
of the distributing cable. Nearly the whole of the current came back by way of the 
booster cable. When the boosters were cut out of circuit, however, about 84 per cent, 
of the current returned by way of the outer of the distributing cables to which the rails 
are bonded. From the diagram, Fig. 3, it will be seen that besides the cables 
already mentioned, a cable has been laid between the Peckham Rye distributing 
room and the Peckham repair shops, and between the Tulse Hill distributing room and 
the Norwood shops. In the case of the South London Une, the bus bars in the switch 
cabins are connected to the overhead conductors by means of rubber insulated cables, 
whilst on the remainder of the electrified Unes bare conductors are used. Four con- 
ductors emerge from most of the switch cabins, and they are connected to the overhead 
conductors on the up and down lines in the manner iSiown in the diagram. But at 
the No. 2 Battersea Park switch cabin there are only two conductors, because the 
section of the Victoria side of the cabin is fed from the Battersea Park No. 1 switch 
cabin, which is on the South London line. As a matter of fact, this section, with the 
exception of the short branch to Battersea Park No. 2 switch cabin, forms part of the 
South London line. There is an interconnecting cable between these two cabins as 
shown in the diagram. 

The drawings of the switch cabins, Fig. 4, show that the switch gear is exceed- 
ingly simple. In those cabins where there are no boosting transformers, the equip- 
ment merely consists of a single bus bar and the switches, which are in circuit with 
the conductors which extend between the bus bars and the overhead lines. In those 
cabins which contain booster transformers, the bus bar is in two parts, and the primary 
windings of the transformer are connected between the inner ends. Consequently all 
the current passing through the bus bar also circulates through the primary of the 
transformer. The switches which are used for sectionaUsing the overhead lines are 
of the single-pole oil break type, and were constructed by the British Thomson-Houston 
Company. Those in circuit with the conductors connected to the overhead lines are 
fitted with automatic trip gear, but those controlling the distributing cable are hand 
operated. Isolating switches are provided between the oil switches and bus bars on 
the overhead conductor circuits. When the switches which sectionaUse the overhead 
conductors are opened they connect the lines to earth. These switches are interlocked 
with the corresponding oil switches, and the latter cannot be closed whilst the boosting 
switches are open. A key which forms part of the interlocking gear can only be 
withdrawn when the isolating switches are open. To ensure that the lines are not 
energised whilst work is in progress, this key is taken charge of by the outside foreman. 
There can be no doubt about the lines being earthed, and they must remain earthed 
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until the key is replaced. The switching operations in the various cabins are carried 
out by the ordinary railway staff. If it becomes necessary to switch out any section 
of the overhead conductors, a telephone message is sent from one of the distributing 
rooms to the nearest signal box, and one of the men on duty then aots in accordance 
with the instructions he receives. Therefore, the electrical operations of the line are 
really controlled from the distributing rooms at Peckham Rye and Tulse Hill. Views 
of the front and back of the switchboard of the Peckham Rye cabin are given in Figs. 5 
and 6 respectively. 

The distributing rooms contain the instruments which meter the current supplied 
to the railway from the power station at Deptford. The arrangement of the bus bars 
is shown in the diagram, Fig. 7. Each distributing room contains two bus bars 
which are divided into sections, but they can be connected together by means of 
isolating links. Moreover, the sections of the upper bus bars are connected to the 
lower bar through automatic oil switches. Under normal conditions the isolating 
links in the lower bars are closed and those in the upper bar opened. The inter- 
connecting oil switches are also closed. The current for the various branches of the 
railway is drawn from the sections of the upper bar, and in the event of a serious 
breakdown on any branch, the portion of the bus bar feeding the faulty branch is 
isolated. The links in the lower bus bar enable sections of the latter to be made 
dead for cleaning, etc. 

The overhead construction on the Brighton railway is of the double catenary 
type. Two catenaries are suspended above the contact wire, which in turn is supported 
from them at intervals of about 10 ft. by dropper wires. The catenaries are not con- 
tinuous. They can be adjusted at both ends by means of turn buckles, and the sag 
is so calculated that adjoining catenaries entirely balance one another, the result 
being that only the dead weight is supported by the structures. The latter consist of 
lattice or joist girders or cantilevers fixed at the top of steel towers (see drawings. 
Figs. 8, 9 and 10). The catenary wires are carried on insulators mounted on the 
girders or cantilevers, and where dropper wires are attached to the catenaries the 
latter are bridged by means of a horizontal cross tie, this tie and the droppers forming 
an equilateral triangle. There are twelve standard galvanised steel catenary wires 
each having a diameter of '088 in. The droppers are looped over the catenaries and 
are attached to them by cHps, this arrangement enabling the droppers to be removed 
without unfastening the catenaries. The jaws of the lower clip fit into the grooves 
in the copper conductor. The latter is '5 in. in diameter, and has a minimum 
breaking stress of 22 tons per square inch. Droppers which are over 2 ft. 6 in. long 
are divided into two sections connected together by a Unk, so that there is a vertical 
play of 4 in. As the bow passes over portions of the line equipped in this manner, 
there is a slight Uft in the links. Chains are used instead of linked droppers at the 
end stations where the bows are changed, because these are more flexible and more 
suitable for taking the jars which are produced when the bows are put into contact 
with the overhead wires. When designing the overhead equipment it was considered 
desirable to reduce the number of insulators to a minimum because these obviously 
constitute the weakest Unk. Very massive insulators have been employed, and a 
high factor of safety has so been secured both from a mechanical and electrical stand- 
point. Moreover, as the drawings show, a special tj'-pe of pull off or push off is 
employed for staggering the overhead conductor, and for fixing its position so as 
to make it conform with the curves of the rails, these devices being suspended 
from the main insulators, which carry the catenaries. This construction is well 
illustrated in the drawing. Fig. 9, and it is scarcely necessary to enter into 
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Fic. 5, Switch Cubin at IVkham live (Front View). 
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further details. Since these pull oSs are supported from the same insulators that carry 
the catenaries, the insulation of the system is in no way weakened by these pull offs. 
The insulators are of the corrugated spool type, this form having been chosen after a 



Fia. C— Switch Cabin at reckhom live (liack View), 

series of tests had been carried out in London extending over a period of more than one 
year. Various designs of insulators were suspended in the open air and directly above 
the exhaust and smoke funnel of a steam engine. Tests were made under all kinds of 
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conditions as regards weather and so forth and with pressures up to 20,000 volts. 
Insulators were fixed over the funnel of a portable steam boiler, specially arranged to 
produce dense clouds of smoke or hot gases as desired, and the results went to show 
that the corrugated spool insulator was undoubtedly the most suitable under the 
particular conditions prevailing on the London, Brighton and South Coast Railway, 
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Fio. 10. — Cantilever Construction. 

and also indicated that it is of the utmost importance that the insulators should be 
out of the way of the direct action of the hot gases emanating from the locomotive 
funnels. The insulation is double throughout the whole of the line. The construction 
of the towers and girders varies considerably according to the conditions prevaihng 
on various parts of the railway. The illustrations, Figs. 8, 9, 10, show this. They are 
more or less self-explanatory ; but attention may be directed to the extensive use of 
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pull ofiEs in the case of the illustrations, Figs. 11 and 12, showing the Crystal Palace 
tunnel and to the construction used in one of the other tunnels (see Fig. 13). Here 



FiO. 11. — Cr^-stal Palace Tunnel. 



insulators are mounted on steel joists covered with reinforced concrete, these joints 
being bolted to cast iron side brackets which are let into the walla of the tunnel. 

At the Victoria and London Bridge stations porters have to light the gas lamps 
from the roofs of the carriages, and, because of this, the Board of Trade insisted on 
the conductors being 6 ft. 6 in. above the highest portion of any existing coach, thus 
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making the lowest position of any live wire 19 ft. 9 in. above the rail level. This 
not only applies to the wires in the stations just mentioned, but also to sidings on 
which unloading takes place. A good idea of the construction at Victoria Station 
can be gathered from Fig. 14. The average height of the conductor above the rail 
outside is 16 ft., the lowest wire being 13 ft. 9 in. above the rail level. The total 
variation in the height of the wire (Inside and outside stations) is 6 ft. 

In order to reduce to a minimum the dislocation of trsHic in the event of a short 
circuit or earth on the overhead conductors, the lines are sub-divided into separate 



Fio, 13. — Overhead ('onstructioii in Tunnel. 

sections at each station on the South London line. In the first instance the section 
insulators consisted of self-contained neutral sections, but these have since been 
replaced on all the running roads by a more simple and more robust insulator, known 
as air-space insulators, the two conductors merely overlapping one another with a 
clear space between them, which is spanned by the bows in passing from one section 
to another. As is shown in Fig. 15, the wires are staggered, the object of course being 
to prevent grooves forming in the aluminium contact piece of the bows. The wires 
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are staggered 9 in. on either side of the centre line of the track. The width of the 
contact strips on the bows is 43J in. After the steel wires had been erected they 
were covered with two coats of hot tar, experiences with steel telegraph wires having 
shown that this practice greatly prolongs the Ufe of the wires subjected to the bad 
influence of the London atmosphere. 

Generally speaking, the supporting structures are 50 yards apart, but where 
circumstances demand it they are erected nearer to each other. Practically all the 
towers are composed of angle steel principals, with lattice bracing, fmd they are 



Fici. 15. — Train at East Brixton Station. 
secured to the foundation blocks by means of bolts. The cantilevers and overhead 
girders are made up of lattice structures throughout the South London line, but in 
the case of some of the extensions, where there are only short spaces over two tracks, 
simple joists have been used. Two type.s of bracing are employed for the lattice 
structures. In some instances the bracing is of the lattice pattern, and in others 
a simpler N pattern. The latter form of bracing has been used on the extensions 
because it was considered less hable to prevent t)ie drivers seeing the signals. 

The form of construction shown in Fig. 16 is of special interest. It is used at 
Pouparts Junction, on the Waterloo side of Clapham Junction, a part where tlie 
trains run close to the London and South Western Railway. It was not possible to 
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erect a supporting tower for the inner end of the girders, and it was therefore necessary 
to UBC the cantilever form of construction shown. The overhanging cantilevers are 
long enough to support the contact wires for four tracks. Exceptionally deep 
foundations were needed for these structures. 

Much might be written on the overhead construction of the Brighton Railway, 
but, since a great deal can be learnt from the drawings and other illustrations, it is 
scarcely necessary to enter into further details. Before leaving this portion of the 
work, however, it should be mentioned that, as an electrical clearance of at least 
5 in. was necessary, under the three bridges over the tracks just outside Victoria 



Fici. 17. — Overhead l.loust ruction on Kridge at Brixton Station. 

station it was impossible to use live wires at those points. Consequently, a dead 
section has been provided under each of these bridges, which of course means that the 
trains have to coast when passing over these portions of the lines. Illustration, 
Fig. 17, shows the overhead construction on a bridge at Brixton; Fig. 18, section 
insulators at Wandsworth Road ; Fig. 19, a crossover road at Bri.\ton station ; 
Fig. 20,the overhead construction under a footbridge ; and Fig. 21, the carriage sheds 
at Selhurst. 

For the purpose of taking measurements under bridges and in tunnels, etc., a 
brake van was used, down the centre of one end of which a straight-edge was fixed 
vertically, as shown in Fig. 22. On the top of the straight-edge above the roof of the car 
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Fio. 18. — Section Insulators at Wandsworth Road. 



FlO. 19. — Cross-over at East llrixton Station. 
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a cross piece was pivoted ; this was fitted with a spirit level, and the under surface 
was also constructed to serve as a straight-edge. A drawing board was attetched to 
the back of the brake van and a straight line was drawn through the centre. A 
pantograph was pivoted to the bottom part of the vertical straight-edge with a reduc- 
tion of 4 to 1. When the vehicle arrived at a bridge or tunnel the pantograph was run 
under the straight-edge situated at the top of the van, the latter having previously 
been placed in position by mrana of the spirit level. The pantograph was then run 
along the surface of the structure whose height it was desired to measure. In this 
manner accurate drawings of every tunnel and bridge were obtained, giving the exact 
position of the track relative to the overhead structure under which the conductors 



Fifi. 20. — Overhead Ton struct irni under I'liitliriilfrP. 

had to be carried. Two men were seated on the roof of the van, as shown in Fig, 23, 
in order to take additional measurements where necessary. 

The rolling stock differs considerably from that of other electrified lines in this 
country. The use of the end, or American, door commonly employed on other electric 
railways did not commend itself in the case of the Brighton line, because during the 
busy hours of the day practically all the passengers enter and leave the trains at the 
termini, and not at intermediate stations, as on many other electric railways, and with- 
out multiple side doors it would be impossible to fill and empty the carriages in the 
short interval during which the train.s remain in the stations. Moreover, in order to 
reduce to a minimum the stopping time at intermediate as well as at terminal stations, 
it was considered desirable that the coaches should be designed so as to eliminate th© 
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necessity for passengers having to walk or run along the platform in order to find a 



Fig, 22, — Conch Equipped for taking Ueaenrements. 

vacant seat. With this object the coaches built for the South London line have been 
constructed with a side corridor, so that passengers entering at any door can afterwards 

walk along the corridor and find a seat 
after the train has started . The overall 
width of those originally designed for 
the South London hne is 9 ft., which 
enables a passage way to be employed 
between the compartments without 
diminishing the seating capacity to any 
appreciable extent. These carry sixty- 
six third-class passengers, and trailer 
coaches of similar length fifty-six first- 
class passengers. There are no second- 
class compartments. The length of 
the coaches is 60 ft. In the case of the 
extensions, however, certain obstruc- 
tions, notably in the Crystal Palace 
tunnel, prevented coaches of these 
dimensions being used, and it therefore 
became necessary to employ coaches 
without corridors, these being only 
56 ft. long and 8 ft. wide. The third- 
class compartments of these coaches 
accommodate five passengers on a seat, 
and the first-class four passengers. 
Third-class motor coaches of this type 
accommodate seventy passengers, a 
Fio. 2a.— Taking Measurements in Tunnel. Composite first- and third- class trailer 
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seventy-four passengers, twenty -four first-class, and fifty third-class. The first-class 
compartments are confined to the trailer coaches. Some old coaches, originally hauled 
by steam locomotives, have been remodelled and used as trailers on the Crystal Palace 
line. Originally the trains of the South London line were composed of units of three 
coaches, the first and last being motor coaches, each of the latter being equipped with 
four motors. In those days two motor coaches were necessary, because the largest motor 
then available only developed 115 h.p. on the one hour rating. Since then, however, 
more powerful motors have been built. The trains are now composed of units of two 
or four coaches, consisting of one motor coach and one trailer, or two motor coaches and 
two trailers, instead of units of three coaches as in the first instance, which arrange- 
ment was unsatisfactory. On the Crystal Palace lines the units consist of one motor 
and two trailers, forming six-coach trains. The motor coaches which have been 
built latterly are fitted with four 150-h.p. motors. No attempt can be made to 
enter into the mechanical details of the coaches. It must suffice to say that they 
are built of wood in accordance with the Brighton Company's usual practice. In 
order to ensure safety, and to prevent any part of the coaches becoming charged 
by reason of leakage from the current collectors and other Uve parts, the roofs 
and sides of the coaches are made of sheet 
aluminium, which is connected to ,the 
metal underframes, with the result that 
no part of the coach body can attain a 
pressure above earth potential. 

All the motors used on the old and 
new types of coaches are of the Winter- 
Eichburg compensated repulsion type. 
They have four poles and six slots per 
pole. The armatures are similar to those 
used in direct -current motors, but four of 
the six brushes are short circuited, and the 
exciting current is fed in at the other two 
brushes. An elementary diagram of con- 
nections of one of the motors is shown in 

Fig. 24, but in this instance only four brushes are illustrated, two main brushes, which 
are short circuited, and two other brushes, which are connected to the exciting trans- 
former. The short-circuited brushes are opposite the middle of the pole face, and the 
exciting brushes at a point between the poles. Compensating windings are provided 
on the faces of the poles. The motor connections are clearly shown in the elementary 
diagram, Fig. 24, which is self-explanatory, the order in which the contactors close 
being shown by the inset table. Fig. 25 gives a complete diagram of connections 
for a motor coach. The shafts of the motors are hollow for the purpose of ventilation, 
and air is drawn through the machine by a fan at the back end of the armature. 
Fig. 26 shows a section of one of the motors. A motor bogie is shown in Fig. 27. 

The gear ratio of the motors is 4-24 to 1. The sjnichronous speed of the arma- 
ture is 750 revolutions per minute. A 220-kw. transformer is provided for each pair 
of motors. There are, therefore, two main transformers on each motor coach. Each 
pair of motors is also provided with an exciter transformer of the auto type. Current 
is supplied to the main transformers at a pressure of 6,600 volts, and the ratio of 
primary to secondary turns is such that the maximum pressure which can be obtained 
from the secondary is 750 volts. As the handle of the controller is turned from the 
first to the last position the pressure increases from 450 volts to 580, then to 640, and, 
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finally, to 750 volts. In a similar manner the pressure of the small exciter trans- 
former is changed by means of two contactors. An advantage attending the use 
,of this type of motor is that a fairly high voltage can be applied to the terminals. 
The following table gives the voltages at the terminals of the main and exciting trans- 
formers corresponding to the five positions of the controller handle : — 



Poeition of Con- 
troller Handle. 


Secondary Pressure of 
Main Transformer. 


Ratio of Exciter 
Transformer. 


1 
2 
3 
4 
5 


Volts. 
450 
580 
640 
750 
. 750 


78 : 104 
104 : 104 
104: 104 
104 : 104 

78 : 104 



Now let us examine the connections for a complete motor coach (Fig. 25). 
The high tension circuit conveys the current from the bow to the primaries of the 
main transformers and then to the rails. There are three paths which the current 
can take. The first is formed by the discharge side of the lightning arrester, and 
consists of a series of spark gaps and a carbon resistance connected to earth. The 
other two paths are the circuits for the main transformer and for a small auxiliary 
transformer for the control pump and Ughting circuits. In the main power circuit 
there is a fuse, a current transformer, a main oil switch and high tension isolating 
switches. The latter are for the two main transformers. The third circuit is provided 
with a low-capacity high tension fuse, which protects the small auxiliary transformer, 
one end of the primary of which is connected to earth, like the ends of the primaries 
of the main transformers. It will be seen that the circuit from the bow to the auxiliary 
transformer is not interrupted when the main oil switch opens, this being a desirable 
condition on account of the fact that it is necessary that current should always be 
available for the control circuit and for lighting purposes. The control current is 
taken from the auxiliary transformers at a pressure of 300 volts, and, since one end 
of the winding of this transformer is earthed, it is evident that the pressure between 
the control wires and earth is 300 volts also. The 300 volt end of the auxiliary circuit 
has five branches. One suppUes current to the hold -on bobbins of the high tension 
automatic oil switch, and, as will be seen from the diagram, this circuit can be inter- 
rupted by the overload relay. Therefore, when an excess current passes through the 
current transformer the oil switch is opened. It is also opened when the supply fails, 
and closed automatically when it is renewed. Moreover, the solenoid operated by 
the current transformer closes the second of the circuits connected to the 300-volt 
auxiliary transformer, and this has the effect of Ughting the red signal lamps placed 
above the driver's hand. The pump circuit, which is the third circuit fed by the 
300-volt auxiUary transformer, operates independently of the remainder of the circuits, 
its action being dependent on the air pressure in the train pipe. The Ughting circuit 
is also independent of the others, but a connection from this circuit is used in conjunction 
with a special dead section switch, and by operating this it is possible to obtain current 
from the rear bow whenever the front bow is on a dead section of the overhead con- 
ductor. FinaUy, the other circuit to be considered is the main controlling circuit, 
which suppUes current for working the contactors and the reversing switches through- 
out the whole train. It will be noticed that the master controller is divided into two 
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parts. The one operating the reversing switches is controlled by a small handle, 
which is removable, and the other, which operates the main contactors, is controlled 
by the main driving handle. The small bridging piece between the two parts of the 
controller is the " dead man's thumb," which must be depressed by the driver whilst 
the train is in motion, otherwise the power current is cut off and the train antomatically 
brought to a standstill by the brakes. When the reversing handle has been placed 
in the desired position, the controller handle is turned from notch to notch, and the 



Fig. 27.— Motor Tmck. 

contactor solenoids are then energised in the proper order, thus making the necessary 
connections on the low tension side of the main transformer and also on the exciter 
transformers. It is impossible for the contactors to make a new connection to the 
motors without first opening the previous connection. Therefore, no portion of a 
transformer can be short circuited. Fig. 28 is a view of the underside of a motor 
coach with the truck removed, and shows one of the transformers and wiring. 

Since the low tei^ion power circuit is not earthed, a breakdown in the insulation 
on one side of the transformer, or on any of the low tension power cables, does not 
produce a short circuit. Every possible precaution has been taken to prevent anyone 
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coming into contact with the high tension equipment when it ia alive, and in order to 
secure perfect safety, a high tension chamber is provided at the end of each motor 
coach, and the current is led into this chamber by a conductor passing through the 
roof. Each of these chambers contains the Ughtning arrester, main oil switch, two 
main fuses (one for power and the other for lighting), two isolating switches for the 
main transformers, an auxiliary transformer for lighting, pumping and control, a 
current transformer connected in the main circuit, and measuring instruments, in- 
cluding an integrating watt meter, voltmeter and ameter. Two arms are connected 
to the bow mechanism, so that the doors of the high tension chamber are always 
locked whilst the high tension gear is alive. Moreover, the act of opening the door 
releases the air from the pistons which operate the springs holding the bows in position. 



Fig. 2k. -Tndereiae nt Motor Coach (Truck lleraoveil). 

As a further precaution, when the door is opened the apparatus is automatically earthed. 
There is a low tension cupboard on each motor coach which contains the switches for 
controlling the lighting circuits, also a switch controlling the operating circuit of the 
main oil switch, and the connecting box and cut out switch for the contactor circuits. 
A drawing of one of the motor man's compartments and high tension chambers ia 
given in Fig. 29. The contactors have two operating coils, and the phases of the 
currents which pass through these are displaced, so as to produce an uninterrupted 
pull. One of these coils is directly connected across the 300-volt circuit, and the other 
is joined in series with a resistance which serves to produce the necessary phase dis- 
placement for the purpose already mentioned, and is connected to the 300- and 60- volt 
points of the auxiliary transformer. When the contactor circuit is broken, the 60-volt 
tapping remains connected to the contactor coils and produces a small current in the 
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windings which flows in the opposite direction, in the split phase coil, to the direction 
in which the current flows under working conditions, that is to say, when the contactors 
are closed. The object of this is to ensure that the contactors open as the handle of 
the master controller is moved from notch to notch. The small current in the split 
phase coil has the effect of demagnetizing the cores, and thus prevents them from 
being held up by residual magnetism. 

Each motor coach carries a two-pole 6-h.p. motor, for driving the air compressor 
which supplies air to the Westinghouse brakes and gear controlling the bows. Owing 
to the fact that the height of the overhead wires varies considerably (there being a 
difference of as much as 6 ft.), great care had to be exercised in the design of the bows, 
and the height of the coaches had to be made lower than the normal height. To obviate 
the necessity for employing low passenger coaches, it was decided to fix the bows 
on the guards and luggage compartments, but even here the clearance available for the 
bow and its framework (all of which it is to be remembered are alive) is only a little over 
11 in. when the bow is in the lowest working position. It was not easy to construct a bow 
suitable for meeting the conditions prevailing. The design of the bow finally adopted 
resembles that shown in position on top of one of the coaches (Fig. 29). Two bows 
are fitted to each motor coach ; one is brought into use for each direction of travelling. 
When the driver operates the reversing handle for changing the motor connections, one 
bow is lowered and the other raised so as to be ready for the new direction of running. 

Notwithstanding the extreme variation of the working height of the bows, the 
pressure exerted on the wire remains practically constant. Deep grooves have been 
made in the aluminium contact strips, and they are fiUed with vaseline and black 
lead which give efficient lubrication, and experience has shown that, under normal 
working conditions, the strips will run 5,000 to 6,000 miles before repairs become 
necessary, and that with proper inspection they wear very evenly, and there is little 
tendency for grooves to form. The width of the collecting strips is 3 ft. 7 J in., and that 
of the bow over all, 6 ft. 4 in. 

The repair shops for the South London line are situated near Peckham Rye, and 
consist of two bays into one of which the trains can be run for inspection. This bay 
has two sets of rails laid above inspection pits, each track being long enough to accom- 
modate a complete train. The other bay is divided into two halves, one half has two 
storeys ; the lower part serving as a stores, whilst the upper portion is used for repair- 
ing motors, etc. The single storey portion, shown in the foreground of Fig. 30, is 
provided with an inspection pit and contains lathes and drilling machines for the general 
overhaul of motor bogies. A 5 -ton overhead travelling crane worked with three single - 
phase motors is in use in this shop. This crane serves for lifting the rotors and stators 
to the second floor, which, as already explained, is reserved for the repair of those parts. 
There is also a 20 -ton electric crane in the other bay, which besides being used for general 
purposes, is also employed in the manner shown in Fig. 31. By means of a clamp 
arrangement attached to the crane swivel, the end of a coach can be lifted when the 
bogie below can be shifted from beneath the coach with the greatest ease. In practice, 
it has been found possible to change a motor bogie in less than fifty minutes. All the 
machine tools are worked with single-phase motors, likewise the 20-ton crane. For 
lighting purposes metallic filament lamps are used, some giving 400 candle power, 
the pressure of the lighting circuit being 150 volts. The motors used for driving the 
cranes, capstans, etc., are designed for a pressure of 300 volts. There are no overhead 
conductors in the Peckham repair shops. The coaches either run into the buildings 
by their own momentum, or are pushed in by a train behind. They are hauled out 
by means of electric capstans. 
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When the Crystal Palace scheme was carried out repair shops were also erected 
at Norwood Junction, but the principal shops are those at Peckham Rye ; the others 
are used mainly for small repairs, which are found to be necessary when daily and 
weekly inspections are made. When the motor coaches have run about 60,000 miles, 
the electrical equipment is dismantled and thoroughly overhauled. All this work is 
carried out at Peckham. In the case of the shops at Norwood, high tension wires have 
been erected inside, so that the trains can be worked with the single-phase current in 
the same manner as when they are on the outside track. But the overhead lines in 



Fifi. ;(1. — ('nrriai^e- lifting Crane in Repair Shop. 

the shops are independent of those in the yards, and the current can be cut off when 
desired. 

For repairing the overhead lines outside, petrol electric coaches are used as shown 
in Fig. 32. These are fitted with Daimler engines and electrical equipment built by 
Dick Kerr & Co. During the day the overhead lines are inspected by means of field 
glasses, and any faults discovered are reported and duly attended to by the repair 
staff at night. 

Much might be written on the electrified Unes of this railway, but enough has 
been said to give a fair idea of the general character of the work, and to enable the 
reader to understand why the single -phase system was adopted. 
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On this railway about twenty-one miles of single track have been electrified, the 
electrified portion comprising the double road between Heysham and Morecambe, 
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Morecambe and Lancaster Green Ayre, and the single Hne from Lancaster Green AjTe 
to Lancaster Castle. The plan (Fig. 33) shows that the lines pass under a large 
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number of over-bridges, many of which are of the arched type. Difficulties were 
experienced in erecting the overhead equipment at these points owing to the small 
clearances. Another plan giving the gradients is shown in Fig. 34. The overhead 
lines are similar to those on the Hamburg-Altona Railway, electrified on the 
single-phase system by Siemens-Schuckert. 

The contact wire, which is in lengths of from 800 to 1,000 yards, has a section 
resembling the figure 8, the sectional area being 70 sq. mm. Details of the overhead 
construction are shown in Figs. 35 to 37. One end of each length of the contact wire 
is fixed by insulators to a terminal gantry and the other end is connected after passing 




Fig. 34. — Plan and Diagram of Gradients. 



over pulleys to a weight of about 1,200 lbs. The bows on the motor coaches always 
move in a direction away from the fixed end of the conductor, and consequently always 
tend to tighten the wire. Views of the overhead equipment at junctions are given in 
Figs. 38 and 39. Originally the tension on the wire was 800 lbs. and the horizontal 
stagger 4 ft. — ^that is to say, 2 ft. from the centre of the coach. Experiments carried 
out before the Hne was opened indicated that a pull of 800 lbs. was insufficient. 
Friction introduced by the pull oflFs, etc., prevented the wire being properly 
tightened, and it was found necessary to increase the weight to about 1,200 lbs. for 
a length of 1,000 yards. It was also discovered that a 4-ft. stagger for a bow measuring 
7 ft. 1 in. from tip to tip was excessive when the trains were running at high speeds. 
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Fio. 36.— Details of Overhead' Construction. 




Fig. 37. — Details of Insulator. 
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Fla. 39. — Overhead Wires at Junetion. 
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Violent gales are frequently experienced in this part of the country, and this is one 
reason why it became necessary to reduce the stagger of the overhead conductor. On the 
greater portion of the lines it has been reduced to 2 ft. The height of the conductor from 

the rail level varies from 18 ft. 3 in. in the open to 13 ft. 
3 in. under bridges. The wire is suspended by short loops 
about 4 in. long from a steel auxiliary wire. These loops are 
fixed to the contact wire, but are capable of moving with 
respect to the auxiliary wire. The latter consists of a 
7/13 steel flexible cable, and it is suspended from two 
catenary cables at five points in each catenary span as 
shown in Fig. 38. Each catenary cable is composed of 
seven No. 16 gauge steel wires. They are clipped together, 
except for a distance of about 3 ft. on either side of the 
insulators, where they divide to pass through the grooves 
in the insulators, as shown in Fig. 37. 

Therefore the catenary is free to move through this 
distance, thus equalising the stresses set up in the spans 
by unequal loading. At the same time experience has 
shown that the overhead construction remains secure in 
the event of one of the catenary cables breaking. Various 
advantages are claimed by Siemens Brothers for this type 
of overhead construction. The number of droppers is con- 
siderably reduced, the tightening and adjustment of the 
contact wire is facilitated, no distortion of the droppers 
occurs when the contact wire is tightened, the maintenance 
cost is low, and lastly, if the contact wire breaks the 
suspension wires are not pulled down with it. It is 
possible to isolate sections of the contact wires on the up 
and down Unes, and for this purpose duplicate double break 
section switches are fitted. They are fixed at the tops of 
the poles which support the gantries, and the connection 
from one contact wire to the section ahead of it is made by 
a short piece of wire, the ends of which must be connected 
to the ends of the sections of the contact lines before a 
circuit between the two sections can be estabHshed. There 
were two reasons for adopting this system. In the first 
place, it was considered desirable that there should be a 
double break, and secondly, it was deemed advisable to 
have a short length of line between the sections into 
which coaches can be run. In this way the bow on a 
motor coach is prevented from bridging the sections it is 
desired to isolate. Padlocks are used for locking the 
switches. Similar switches are used at the stations for 
earthing the overhead lines in case of emergency. A 
wiring diagram is given in Fig. 40, The gantries are con- 
nected together by a separate overhead steel cable, which is 
connected to earth plates every half-mile. All the lightning 
Arresters are also connected to these plates. The lightning arresters are of the horn 
type. With the object of reducing the electrostatic charges, the earthed conductor 
has been placed between the contact wire and telegraph wires, on one side of the 
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track. It was the object of the engineers of the company to avoid cabling the 
telegraph and telephone wires, and the experience gained seems to indicate that this 
is unnecessary when the single-phase system is used. But it is considered that the 
provision of some sort of high resistance leakage device is desirable, for when a 
telegraph or telephone wire is put out of service and disconnected at the test board, 
there is the possibihty of a high potential existing between it and earth. 

Most of the supporting poles are of creosoted wood, but owing to the long spans at 
Morecambe station and at one or two other points it was necessary to employ lattice 
steel poled and lattice girder gantries at these localities. Where wooden poles are 
employed the gantries are composed of two angles brought together at the ends but 
separated for the greater part of their length by a distance piece about 1 in. thick. The 
bolts which hold the insulator saddles pass through the gap, thus enabling the positions 
of the insulators to be adjusted with ease. The type of insulator used is shown in 
Fig. 37. From the sectional view it will be seen that the steel bolts which support the 
insulator are enclosed in an ebonite sleeve, this construction giving extra strong insu- 
lation. The insulators are made in two portions and are massive. On each track the 
outer rail is bonded throughout its length with duplicate bonds of the Forest City 
type, placed underneath the fish plates. At crossings and junctions all the rails are 
connected together in order to ensure good continuity. The bonds used at these parts 
and those employed for cross bonding are of the ordinary copper cable type. In 
bonding the line care was taken to prevent moisture getting into the drilled holes or 
on to the bond plugs, and during very wet weather the work was stopped. By taking 
special precautions it was found possible to proceed with the work during moderately 
wet and damp periods, but when resistance tests were carried out on the completion 
of the job it was found possible to distinguish the bonds that had been worked upon 
when the weather was damp or wet. The resistance of the joint in these cases was a 
little in excess of that of the other bonds, but in all cases the results were satisfactory. 
At Heysham harbour the rails are connected to two copper earth plates placed 
in the sea. They are also earthed at the end of the Midland Railway pier. These 
plates are also of copper, but for protection they are placed in a large cast-iron caisson. 
The rails are also connected to a bridge at Lancaster, the columns of which are in the 
bed of the river. The line is supplied with current from the Midland Railway Company's 
power station at the Heysham end. The station was built for providing current 
for working cranes, capstans, lifts and other machinery in the harbour at Heysham, 
and also for lighting the harbour. Prior to the opening of the electrified line it was 
a direct current station pure and simple. It was, therefore, necessary to put down 
special plant for the production of single-phase alternating current. The station 
contains gas engines supplied with gas from Mond producers. Originally there were 
three 250-h.p. engines built by the British Westinghouse Company, each coupled 
to a 160-kw. dynamo, working at a pressure of 460 volts. For the purpose of supplying 
current to the electrified lines it became necessary to put down an additional set 
consisting of a 360-h.p. Westinghouse engine and a 236-kw. 460-volt continuous 
current generator. In order to obtain single-phase current for the railway two motor 
generators were installed. Each motor generator is supplied from the low tension 
continuous current bus bars. The alternating current side of each converter is 
connected to the single-phase bus bars by means of a hand-operated oil switch, and 
the current passes from the bus bars through duplicate circuit breakers to two feeders 
which are joined up to the overhead lines. There are no other feeders. All circuit 
breakers are fitted with time limit devices. Fig. 41 gives a view of the interior of 
the engine room. 
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The rolling stock consists of three trains, each made up of a single motor coach 
and trailers. The electrical equipment for two of the motor coaches was manufactured 
by Siemens Brothers, and that for the other coach by the British Westinghouse 
Company. The control system adopted by the former firm is purely electric, whilst 
that used by the Westinghouse Company is electro-pneumatic. Four trailer coaches 
were specially built for use on the electrified lines. Old bogie coaches are also employed 
for carrying luggage, etc., particularly between Morecambe and Heysham. Con- 
trolling equipment is fitted at each end of the motor and trailer coaches. This was 
necessary on accoimt of the fact that the length of the train varies, for during 
difEerent parts of the year there is a great difference in the amount of traffic. The 
distance from Heysham to Morecambe is five miles and that from Morecambe to 



Fio. 41. — Interior of Power House. 

Lancaster four miles. There is a short extension of about three-quarters of a mile 
from Lancaster Green Ayre to Lancaster Castle. All the distances with the exception 
of the latter have been increased by a quarter of a mile since the scheme was decided 
upon, owing to the company having changed the position of the station at Morecambe. 
There are no gradients of importance on any section of the line, except between the 
two Lancaster stations. 

The motor coaches are of the open central corridor type, the total length over the 
end panels being 60 ft. The width is 9 ft. There are three compartments, providing 
seating accommodation for seventy-two passengers. The seats in the middle com- 
partment are arranged transversely. This compartment is 25 ft. long. The seats 
in the other two compartments are arranged longitudinally, this arrangement enabling 
trap-doors to be provided for inspecting the motors. These compartments are 13 ft. 
5 in. long. The trailing bogies are of the Midland Railway Company's standard type 
and are composed of pressed steel members. The wheel base is 8 ft. All the coaches are 
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fitted with hand and power brakes ; the latter are of the vacuum type. Independent 
motors are used for driving the vacuum pumps. 

Each trailing bogie wheel is braked on both sides. The total length of the trailer 



coaches measured over the end panels is 43 ft., and the extreme width 9 ft. There is 
one long compartment and a driver's compartment at each end. The seats, which 
will accommodate fifty-six passengers, are placed transversely. The two bogies are 
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interchangeable with the trailing bogie of the motor coaches. The motor bogies were 
constructed in the railway company's locomotive department, and owing to the small 
number required they were specially built up of rolled sections and plates. The 
wheel base is 8ft. 6 in. ; the diameter of the driving wheels 3 ft. 7( in. A view 
of one of the bogies as used on the motor coaches equipped by Siemens Brothers 
is shown in Fig. 43. Oil pumps are to be seen in the foreground and ventilating 
tubes on either side. Details of one of the motor bogies are given in Fig. 42. 

Each motor coach has two brake cylinders, that for the motor bogie having special 
levers giving the cyhnder greater purchase than usual. The trailer coaches have only 
one cyhnder, which operates brakes on both bogies. A single brake pump is used 
for each coach . The control gear for the pumps gives two speeds. The pump control 
gear has been specially designed with a view to making it practically impossible for 



Fio. 43.- Motor Bogie Fitted with Siemens P^uipment. 

a train to be moved without the proper vacuum having been obtained. The driver's 
brake valve {Fig. 44) is combined with a switch which operates the contactors con- 
trolling the pump. Current is fed into this switch through one contact of a three- 
contact plug. One of the other contacts is in circuit with the feed wire from the 
auxiliary transformer, and the third is connected to the master controller. It is 
therefore impossible to move a coach by means of any of the controllers unless this 
plug is inserted in its socket. Its insertion automatically operates one of the pump 
contactors and starts the pump working at either the high or the low speed. Most 
probably the pump commences to work at the high speed, as the driver's brake valve 
handle is removable and it can only be taken off when it is in the full speed position. 
The provision of this plug also ensures that only one controller can be used at the 
same time. Naturally there is a brake valve in every driving compartment, but only 
the valve and switch in that compartment which is being used for driving, and in 
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which the plug is inserted, can be used for starting and varying the speed of the 
pump, but the brake can be applied by the guard or any other authorised person who 
may have access to the handle at either 
end of the coach. 

Each coach is also fitted with a 
switch, which ie controlled by the 
racuura, its function being to trip the 
main circuit breaker in the event of the 
vacuum falling below 15 in. Each 
motor coach has two motors carried 
on a single bogie, as shown in Fig. 43. 
Trains usually consist of one motor coach 
and two trailers. The motor coaches seat 
seventy-two passengers, and the trailers 
fifty-four, the respective standing capa- 
city being fifty-eight and thirty-six. 

It was specified that the trains were 
to be capable of working on a twenty 
minutes service from either end of the 
lino as between Heysham and More- 
cambe with a single train, and a fifteen 
minutes service between Morecambe and 
Lancaster under similar conditions. 
Each motor coach was to be capable of 
occasionally hauling two additional main line coacties each weighing 26 tons, and to be 
able to haul the train up the gradient between Lancaster Green Ayre to Lancaster Castle. 
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Fio. 43. — Siemens Motor Coach 
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It was estimated that two 150 h.p. motors per motor coach would satisfactorily 
cany out the work, and the respective contractors suppUed motors of their nearest 
standard size. Siemens Brothers suppUed 180 h.p. motors, whilst the Westinghouae 
Company provided 150 h.p, machines. A coach built by Siemens Brothers is shown 
in Fig. 45. It will be gathered that there are two current collectors. A special type 
of bow has been adopted which is similar to the continental tramway bow, but having 
a small auxiliary bow at the end, controlled by parallel motion as shown In Fig. 46. 




The Westinghouae Company's coach has only one bow and is of tie standard panto- 
graph type. In each case the bows are controlled by springs. The Siemens bow, 
however, is lowered by a master spring which can be thrown out of action by a vacuum 
cylinder. The master spring of the bow fitted to the Westinghouse Company's motor 
coaches on the other hand, is controlled entirely with compressed air. A compressor 
ia naturally fitted to the Westinghouse Company's motor coach. For the purpose 
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of operating the bows when starting out in the morning or at other times when no com- 
pressed air or vacuum is available, a small hand pump has been provided on all the 
motor coaches. The two bows on the Siemens coaches are raised or lowered separately, 
A ball valve is fitted on the compressed air pipe, so that when the brakes are operated 
the vacuum remains on the cylinders which control the bows. The shoe of the Siemens 
bow is made of aliuuinium, whilst that of the Westinghouse Company's bow consists 
of a fiat piece of galvanised iron 6 in. in width and with the edges turned down. There 
ia a groove of semi-circular section in which the lubricatii^ substance is placed. The 
framework of the bows is built up of light steel tubing which serves to convey the 
current to the high tension cables. All portions of the collector gear which 
are subjected to the high pressure are carried on porcelain insulators. The roofs of 
the coaches are covered with wire netting which is earthed. Consequently, in the 



Fra. 47. — Siemens High Tension Chamber. 

event of an overhead wire breaking and falling on top of a coach the circuit breakers 
at the station instantly cut ofE the current. 

The Siemens high tension chamber containing the high tension switch, etc., ia 
shown in Fig. 47. Like the main transformer, auxiliary transformer, preventive 
coil, and other apparatus, these chambers are suspended below the underframe of 
the coaches. The Siemens equipment consists of two motors, the main trans- 
former, the auxiliary transformer and commutating transformer, high tension circuit 
breakers and fuse in the auxiliary transformer circuit ; contactors, motor fuses and 
low tension fuses in the contactor circuit, and also a low tension fuse in the circuit 
feeding the fan. The weights of the various parts of the two types of motor coaches 
are given in the Table on p. 55, It should be pointed out, however, that the 
figures given in these tables do not represent latest practice, and that more modem 
equipment is probably appreciably lighter. 
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Temperature testa carried out at the maker'H works indicated that the motorB 
worked very satisfactorily. Sparking tests gave equally pleasing results. There was no 
objectionable sparking, even when the motors were taking 1,100 amperes at 300 
volts. At full pressure (340 volts) this current corresponds to 350 h.p. and a torque 

fully two and a half times 
f^ en greater than that which exists 

at the rated output, namely 
180 h.p. The commutatiog 
transformer used in conjunction 
with the Siemens motors appears 
to have a marked effect upon 
the performance so far as spark- 
ing is concerned. 

The motor controllers are 
of the fly-back or dead-man 
. handle type, designed on some- 
S what novel lines, the special 
^ features being that the release 
g of forward pressure on the 
I handle trips the whole of the 
'^ contactors at once, irrespective 
£ of the position of the handle. 
a A diagram of connections for 
"■§ the Siemens coaches is given in 
a Fig. 48. In the case of the 
(3 Westinghouse motor coach, cur- 
's rent is conducted from the pan- 
a tograph bow by means of a lead- 
S, covered rubber insulated cable 
'^ through a heavy brass conduit 
l_ to the main circuit breaker. 
f The circuit breaker is electro- 
S pneumatically operated and 
breaks the circuit under oil. It 
opens automatically on overload 
and it is closed from the driver's 
cabin by placing the handle of 
the motor controller on the flrst 
notch. When the switch is 
closed the single-phase current 
passes into an oil insulated self- 
cooled auto -transformer, one 
end of the winding of which is 
earthed. Low tension tappings 
from the winding of the auto- 
transformer are connected to six contactors, which, as previously stated, are operated 
on the Westinghouse Company's electro-pneumatic system. This group of contactor- 
switches only weighs 854 lbs,, and measures 43^ by 24 J by 23 in. Electrical interlocking 
gear is fitted to the switches, so that they are compelled to close in the correct order. 
Powerful magnetic blowout coils are also fitted. Complete diagrams of connections 
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for each type of coach are given in Figs. 49 and 50. Fig. 51 gives a BimpHfied diagram 
of connections for the motors fitted to the Westinghouee Company's coach. From this 
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latter diagram it will be seen that the current passes from the contactors to the two 
terminals of the preventive coil from the middle point of which the cable running to 
the reversing switch is con- 
nected ; the latter, like the 
contactors, is operated with 
compressed air. 

The magnet valves on 
the reversing switch are inter- 
locked with those on the main 
group of contactors, so that 
it is impossible to close any 
of the latter until the re- 
versing switch has been set. 
Cut out switches are fixed in 
the case of the reversing 
switch so that either of the 
two motors may be discon- 
nected if desired. The motors 
are of the Westinghouse 
Company's standard series 
compensated forced ventilated 
type. A cross-section of one 
of these machines is given in 
Fig. 52. They are six-pole 
motors. Air from the blower is admitted at the pinion end, and havii^ passed 
through the motor it leaves by way of the perforated commutator cover. 

The electrical equipment was designed for operating a train weighing 82 tons in 
service. It has been found, however, that a considerably heavier train can be hauled. 
In fact a train made up of seven ordinary vehicles without the motor coach, and 
weighing 161 tons, has been run between Lancaster and Morecambe. On starting 
with this load each motor takes about 1,050 amperes. A train of this weight can be 
accelerated rapidly and smoothly and can attain a speed of fifty miles per hour. 

The auxiliary transformer used on the Siemens coach is not only useful in connection 



Fio. 51. — Simplified Diagram of Connections 
(Westinghouee Coach). 
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with the control gear, but it also eliminates the possibility of the lights being 
extinguished in the event of the high tension circuit breaker opening when an overload 
is thrown on the motors. Moreover, during a great portion of the year the coaches stand 
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in the stations for long periods, and therefore a slight saving of energy results from the 
practice of switching oflE the main transformer. But on the Westinghouse coach the 
main transformer is always in circuit, except, of course, when the high tension circuit 
breaker is opened. The pressure adopted is 6,600 volts, and the periodicity 
twenty-five cycles per second. 



CHAPTER III 

THE MIDI RAILWAY 

The question of electrifying certain sections of the Midi Railway in France has 
been under consideration since 1902. The line from Villefranche-de-Conflent to 
Bourg-Madame (Pyrenees-Orientales) has been worked electrically for several 
years. This section is 55 km. long, the gauge 1 m., and the steepest gradient 6 per 
cent. Current is derived from a 6,000-h.p. hydro station on the river T6t at La 
Cassagne. The line forms a continuation towards the Spanish frontier of the main line 
of the railway from Perpignan to Villefranche. This latter portion is about 46 km. 
long. Its gradients do not exceed 2 2 per cent. ; the average is I'l per cent. At 
the time of writing it is being electrified on the single-phase system. Current is to 
be obtained from a second hydro station of 4,500 h.p. at Font5)6drouze, utilising a 
fall of 183 m. on the river Tet. But this only constitutes a very minute portion of 
the work which will ultimately be undertaken on the Midi Railway. The whole 
of the lines to be electrified may be divided into two groups, eastern and western, 
the former in L'Ari^e and the Pjrren^es-Orientales, the latter in the Haute-Garonne, 
the Hautes and the Basses-Pyren6es. 

In the eastern group there is the Villefranche-Bourg-Madame line already elec- 
trified, and that from Foix to Aix-les-Thermes, which is being extended towards the 
Spanish frontier. In the western group there are the lines from Montr6jeau to Pau, 
Pau to Oloron, Montr6jeau to Lugon, Lourdes to Pierrefitte, Tarbes to Bagneres- 
de-Bigorre, Buzy to Laruns, and Lannemezan to Arreau, representing in all 
350 km. 

For the purpose of supplying current to these lines, as well as to further extensions, 
some high-power hydro-electric stations are to be built. It is anticipated that in 
addition to the stations at La Cassagne and Fontp6drouze, a third station at Porte, 
in the valley of Carol, will be necessary for working the Unes included in the eastern 
group This station will be worked from the waters of the Lake Lanoux. For the 
western group it is proposed to erect three stations, situated in the valleys of La 
Neste, Gave d'Oloron and Gave de Pau. 

The first station of 10,000 h.p., at Eget, in the Valley of Aure, will be suppUed from 
a reservoir on an effluent of the Neste. It will contain four generating sets, each 
developing 3,500 kilovolt-amperes at 6,000 volts. The pressure will be raised to 
60,000 volts by means of transformers. The height of the fall is 700 metres, and the 
output 2 cubic metres per second. The second station will be situated on the Gave 
de Soussoucon, a tributary of the Gave d'Oloron, above the Eaux-Chaudes. The 
third station is to be worked with the waters of the Gaves Gavamie and Cauterets, 
for it is situated at the junction of these rivers, near the village of Soulom (Hautes- 
Pyren^es). This station will eventually consist of two parts. Each of the falls — 1 17 m. 
and 258 m. — ^is to operate three turbines, each having a capacity of 3,500 h.p. The 
alternators are to generate single-phase current at 6,000 volts, but this pressure will 
be raised to 60,000 volts by means of static transformers. Current at this voltage 
will be transmitted to sub-stations at Lourdes, Pau, Tarbes, Lannemezan, and Mon- 
tr^jeau, where it will be transformed down to 12,000 volts, for use on the track. 
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This is the pressure that has been chosen for the Midi Railway. The periodicity 
is 16f cycles. 

In order to study the relative merits of the locomotives manufactured by different 
firms, it was decided in 1910 to invite various electrical manufacturing companies 
to build single-phase locomotives to conform with the conditions prevailing. These 
engines were to be tested by the railway authorities, and it was agreed that, if 
found satisfactory, they should be purchased. Six locomotives were built by six 
different firms, and submitted for trial during 1911 and 1912. The trials were carried 
out on the portion of the Une from Perpignan to Villefranche which immediately 
precedes the railway from Villefranche to Bourg-Madame. This portion of the 
railway, which is 25 km. long, was chosen because it was possible to obtain current 
from the Cassagne sub-station at Villefranche. Moreover, the line has gradients 
similar to those on the other Unes associated with the electrification scheme. 
Besides the transforming station at Villefranche, which receives three-phase, 20,000- 
volt, 25-cycle current from the Cassagne station, and distributes direct current 
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Fio. 53. — Overhead Construction 
for 50-in. Span. 
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Fio. 54. — Overhead Construction 
for lOO-m. Span. 



to the railway from Villefranche to Bourg-Madame, a second sub-station has been 
erected for the purpose of the trials, and in this station the three-phase current is con- 
verted to single-phase current at a pressure of 12,000 volts. 

It contains two sets, each comprising a three-phase induction motor and a 
single-phase alternator, together with an exciter. Transformers are interposed 
between the single-phase alternators and the overhead conductors of the railway. 
In view of the short length of this experimental Une, there is only one feeding 
point, viz., at Villefranche. Six different types of overhead construction have been 
tried. One form of equipment, which was designed and erected by the French 
Thomson-Houston Company, is illustrated in Figs. 53 and 54. This company's overhead 
equipment extends from the kilometre post 497 • 927 to the post 501 • 894. Spans 
of 50 m. are adopted as far as the post 500 '185, whilst the span between the poles 
on the remainder of the section is 100 m. The poles are of reinforced concrete, and 
their construction differs according to the distances between them. 

In the case of the design shown in Fig. 53, which relates to a support as used 
for the 50 m. spans, the overhanging bracket B is composed of two pieces of angle 
iron assembled together and held in a horizontal position by a tie-rod £, which is 
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fixed to the top of the standard. The outer extremity of the bracket is bent towards 
the rails. The insulator which supports the catenary cable is mounted at the top of 
a light structure attached to the upper side of the bracket in the manner shown. 
An insulator is also mounted at the point R and another on the post directly opposite 
to it. A wire attached to these insulators serves to hold the contact wire in the correct 
position with respect to the track. The construction shown in Fig. 54 differs from the 
design just described in that there are two horizontal arms B and C ; the former is 
supported by the tie-rod 6 and the latter by the tie-rod F. The catenary cable in this 
case is supported on the insulator mounted at the end of the arm C. This is the con- 
struction used where the span between the posts is 100 m. In all cases the insulators 
on the brackets are interchangeable. Fig. 55 shows the construction of an inter- 
mediate pole as used on curves. 

The line consists of a steel supporting cable having a section of 37 mm. ; also 
an intermediate cable having a diameter of 4 mm. This is suspended from the 
catenary cable by means of droppers, whilst the contact wire is supported by clips 
in the manner shown in Fig. 56. The intermediate wire is shown at A, the contact 
wire at B, and the clip at C. These cUps allow the contact wire to be slightly dis- 
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Fig. 55. — Intermetliate Bracket 
as used on (Curves. 



Fig. 56. — Details of Suspension 

Clip. 



placed with respect to the wire immediately above it. In order to minimise wear 
on the bows of the locomotives the contact wire is mounted in a zig-zag fashion 
with respect to the rails. At the point where the spacing of the poles is changed from 
50 m. to 100 m. the line is sectionalised. The wires of the two sections are brought 
near to one another and anchored to the posts, so that when a train passes from one 
section to the other there is no interruption in the supply. In the tunnel of Venta 
Farines the main carrjdng cable is dispensed with, and is anchored at the two ends 
of the tunnel. Within the tunnel the second or auxiliary wire is suspended from the 
transverse wires carried by insulators on the two sides. 

The French Westinghouse Company has also devised overhead equipment. 
In this instance the posts are composed of old rails and furnished with horizontal 
brackets for carrying the suspension insulators. The conductor takes the form of 
a copper wire, which is attached to the catenary cable by hangers and to the posts 
by horizontal arms, permitting lateral movement. On one part of the line, where 
the span between posts is 100 m., tightening gear is employed, the wires being 
stretched by weights. A third system has been designed by the A.E.G. Company. 
The poles are of reinforced concrete, and are fitted with horizontal arms, which 
carry insulators and a cross wire, to which the conductor is attached. Here, again, 
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tightening gear is employed. Another firm which has built some overhead equip- 
ment is Vedovelh Priestley. This firm also uses reinforced concrete poles vith 
iron brackets, the contact wire being hung from the catenary cable by droppera. 
Two systems of stretching the wire have been tried. In one instance a weight 
produces a pull on the catenary cable and 
contact wire, whilst in the other case the 
carrying wire is subjected to a pull by a 
weight and the contact wire by a spring. 

Attention should be directed to the 
firm's hnk insulators, for which various 
advantages are claimed. The general appear- 
ance of one of these insulators can be 
gathered from Fig. 57, whilst Fig. 58 shows 
how they are assembled in the form of chains, 
for insulating and supporting the catenary 
cables and feeders on single-phase railways. 
Each link (see Fig. 58) is connected to its 
neighbour by a ligament of galvanised steel 
wires in such a manner that the insulating 
material is always in compression. It will 



Fig. 51. — Link luaulator. 



be clear that in the event of one or more of 



the links breaking, the line which the chain 
supports cannot drop to the ground, although the insulation of the chain will 
naturally be diminished. 

The distances between the links can obviously be varied as desired, and the 
greater the space between them the greater is the voltage necessary to break down the 
insulation. Tests carried out on an eight-link chain with the hnks spaced 50 mm. 
apart and subjected to an artificial shower of rain showed that a pressure of 80,000 
volts was needed to break down the insulation, and a chain composed of six hnks 
spaced 90 mm. apart was found to be good for nearly the same pressure under 
similtkr conditions. The method of using these insulators on the Midi Railway will 
be understood from Fig. 59. Wood, reinforced concrete, lattice, or metallic tubular 



FlO. 58. — Chain of Link Inaulatore. 

posts are supphed by the firm, but apparently the reinforced concrete type has 
been found to present manj advantages. 

The general appearance of these pasta as used on the Midi Railway can be 
gathered from Figs. 69 and CO. They are composed of four bars of steel with 
cross pieces at regular intervals, the wliole being covered with concrete. It is claimed 
that the strength of these posts increases with time. They are built up and covered 
with concrete at the point where they are erected, and are supported in a bed of 
concrete. Not only do they present a good appearance, but they are also said to 
be cheaper than the ordinary metal posts. In the case of the Midi Railway they are 
placed on only one side of the permanent way and in a position which enables the 
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drivers clearly to see the signals. When wooden posts are employed the maximum 
distance between posts is 40 m. 

Flexible droppers take the form of galvanised iron chains, as shown in Fig. 61 ; 
the upper ends are provided with small brass clips for fastening the chains to the 



Fio. 59. — Sectioning Poet. 

catenary cable, and the lower ends are attached to galvanised iron clips. As the 
illustration shows, the jaws of these cUps fit into the grooves on the two sides of 
the contact wire, and by inserting a split pin between the jaws the contact wire is 
gripped in such a manner that it is impossible for the wire to become unfastened. 
The sag of the catenary varies according to the length of the span between the posts. 
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and consequently droppers of different lengths are used to meet the requirements 
of various cases. In erecting the overhead lines a special coach is employed, and the 
contact and catenary wire are unwound from their drums simultaneously. The 



Fio. 60.^PuU.off Post on a Curve. 



tensions of the two wires are also adjusted at the same time, this, it is claimed, 
being a great advantage. The method which this firm adopts for dividing the 
lines into sections is of interest. An illustration of one of the section posts on the 
Midi Railway is given in Fig. 59. At the top of these posts there are two lightning 
arresters of the horn type and an oil break switch for cutting out the sections. 
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This switch is capable of opening the circuit when the full 
load current is passing. When the switch is opened the 
lines are earthed in the usual manner. The switch is operated 
from the small box to be seen at the foot of the post, a 
rod connecting the switch at the top of the post with the 
handle in the box. A dial is provided which shows whether the 
switch is opened or closed. A liquid resistance and reactance 
coil are used in conjunction with the lightning arresters. 

The type of section insulator used with this firm's single- 
phase equipment is shown in the drawing, Fig. 62, and also 
on each side of the sectioning post. It will be understood 
that tightening gear is also fitted to this post. It is scarcely 
necessary to describe the section insulator in detail, because 
the drawing, Fig. 62, is self-explanatory. It will, of course, be 
understood that the ends of the contact wires are brought 
close together ; but, as will be gathered from the drawing, 
they are separated by a short air gap in a horizontal 
plane. 

Two other views of this firm's overhead equipment as 
used on the Midi Railway are given in Figs. 63 and 64. One 
shows the pull-off posts on a curve, whilst the other two show 
the wires supported by metal structures. It will be noted that 
in one' instance the overhead equipment is totally different to 
that described, this being the Paul system of overhead con- 
struction. The drawing. Fig. 65, shows the method of erecting 
dead sections under bridges on the Midi Railway. The drawing 
is also self-explanatory. Fig. 66 shows the arrangement of 
the overhead lines on the Midi Railway, where the span 
between the supports is 100 m., the suspension in this case 
being of the rigid type. The catenary cable and contact 
wire are tightened at the post on the right. Further, it will 
be seen that staying posts, to prevent the wires swinging 

sideways or for pulling the wires so as to make them con- ^ ^, ., ^ 

t 'i-u xu r xu -1 X J u X xu -FiCJ' 61.— Flexible Dropper 

form with the curves of the rails, are erected between the ^^ qj. ^^ 

two main supporting posts. 

An interesting scheme has been devised by this firm for automatically energising 

and de-energising sections of the overhead lines which are considered dangerous, 

that is to say, wires which pass over 
level crossings, under bridges, and so 
forth. The system is used on the Italian 
State Railways, where the lines in some 
of the stations are only made alive on 
the approach of a train. These railways 
are electrified on the three-phase system, 
and there are, of course, two overhead 
wires over each track. The scheme is 
also being used on the Midi Railway. 
Referring to the drawing, Fig. 69, 

the section of the line which is controlled by the automatic equipment is that 

extending between the points S and S^ and it will be gathered that this portion 








Fig. 62. — Section iDsulator. 
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of tlie line is not in direct connection with the mnin overhead line, for there 
is a gap at S and S'. In order to complete the circuit, however, when (ho 
dangerous section is dead, a by-pass wire a ;S is provided, so that under all conditions 



Fig. 63. — Lattice Conetraction. 



current can be supplied to the trains on either side of the section S and S'. This 
by-pass can obviously take the form of an underground cable or an aerial wire. 
ITie latter would be erected in a position where it would be perfectly safe. For 
example, in the case of a level crossing it might be erected at a height much greater 
than that of the overhead contact lines, and, moreover, a guard net could be used 
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to ensure safety in the event of the wire breaking and falling. Most ptobably, 
however, it would be more convenient to use an underground cable. The section 
S S' is switched in and out of circuit bj' means of an interrupter or switch J, which 



Fia. 64. — The Vtml Sj-atem of Overhead Conatruction. 

is controlled by the mechanism enclosed in the case A, the controlling gear being 
connected to two contacts P and P' placed just above the contact wire. Therefore, 
when the train passes these contacts the bow lifts the wire and current passes into 
the windings of the electromagnetic apparatus which actuates the switch J. The 
contacts P and P' are placed about 16 m. away from the ends of the section S and 
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S\ Two lamps, F F, light up when the dangerous section is energised, and not 
only indicate that this section has been energised, but also act as signals and show 
the driver of the next train that he must not proceed until the road is clear. When 
a train is running into the dangerous section and the auxiliary circuit is closed at 
the point P^ a small current flows by way of the conductor 3 into the primary of the 
small transformer T^ which is situated in the bottom of the case I which contains 
the oil switch. The secondary of this transformer is connected to the solenoid 6. 
When this solenoid is energised it disengages a catch and allows the weight P to fall, 
and in so doing it actuates the lever L and closes the switch J in the case I. When 
the dangerous section is long — as, for example, a section crossing villages or a section 
in a long tunnel — it may be divided into several parts, each part being controlled 
by an apparatus, as shown in the diagram. The two lamps F F are connected 
across the secondary winding of the transformer T, and consequently they light 
up when the dangerous section is energised. The small motor m is also connected 
across the secondary of the transformer T, and when the dangerous section is alive 




Swain Sc» 



Fig. 67. — Connections for Automatic Control Gear. 



this motor is set into operation and winds up the weight P. When the weight has 
been lifted to the desired height the small switch O is opened and the motor stops. 
When the train or locomotive leaves the dangerous section and the bow passes under 
the contact P there is another rush of current through the bobbin 6, when the lever 
L makes a second half turn and the switch J is opened. The current is consequently 
switched oflE from the dangerous section and the Ughts F F are extinguished. From 
what has been said it will be gathered that the controlling apparatus is now set ready 
for energising the dead section again as soon as the bow of a locomotive or motor 
coach reaches the point P^ and as soon as the vehicle has passed over the dangerous 
section the switch S will open as before. In the event of two trains entering the dead 
section, so that the bows of both trains are in contact with the wire S and S^ at the 
same time, it is evident that the second bow, in passing the point P\ will have the 
effect of making the dangerous line dead, and under these circumstances one of the 
drivers would have to leave his train and close the switch J by hand. It is also 
clear that the current might fail at the power station just before the train reached 
the point P^, when it would coast into the dangerous section and remain there. 
Evidently when the supply is renewed the section S S' would still remain dead and the 
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driver would then have to close the switch as before. If, however, the current failed 
whilst the train was travelling over the dangerous section of the line, it would simply 
be necessary for the driver to put the handle of the controller into the ** off '* position 
and wait until the supply was restored. But if the train was allowed to coast all 
the way through the section whilst the current was off, the line S S^ might become 
energised just as the bow reaches the point P, and then the dangerous section would 
probably remain energised after the train had passed ; but under these conditions 
the fact would be indicated by the Ughting of the lamps F F, and the current could 
be switched off by the driver of the train or some other authorised person. There- 
fore, although under certain circumstances, which are not often likely to arise, the 
dangerous section will not be energised automatically, the provision of the lamps 
F F enables the staff to see what is wrong and to correct matters accordingly. The 
London agents for VedoveUi, Priestley et Cie. are Laing, Wharton, Limited, of 7, 
Great Newport-street, W.C. 

The locomotives submitted by the various manufacturing firms had to conform 
with the following conditions. The engines to be capable of starting and hauling 
on any part of the line, shown in Fig. 68, a train weighing 400 tons without the loco- 
motive. With a load on the train of 280 tons the maximum speed should not be less 
than 40 km. per hour, and with a load of 100 tons 60 km. per hour. 

In nmning from Villefranche to Ille the motors have to be capable of sending 
current back into the line and of being regulated at will, so that half the normal speed 
can be obtained if desired. Moreover, it was specified that when operating at the 
normal voltage each of the motors should give 600 h.p. without the temperature 
rising above 75° C. after a period of six hours. They were also to give 25 per cent, 
overload for one hour without the temperature exceeding the above limit. The 
motors were to be capable of carrying the current corresponding to the following 
tractive efforts : — 

12,500 kiloB. at the start. 

8,000 kilos, at a speed of 45 km. per hour. 

4,200 kilos, at a speed of 60 km. per hour. 

Rigid restrictions were also imposed with regard to commutation. The weight 
of the locomotives was limited to about 80 tons, with a maximum of 18 tons per 
axle and an adhesive weight of 54 tons. The following table gives particulars of three 
locomotives accepted : — 









Locomotive 






Locomotive 


Locomotive 


supplied by the 






. supplied by the 


Buj)plied by the 


(Construction 






Compagnie 


Soci^td Westing- 


Electriques du 






Thomson-Houfiton 


house. 


Nord.et de I'Est 
(Jeumont). 




Total weight, tons . . 


88 


81 


80 




,, length, m. 


13-76 


11-37 


15-27 




„ wheel base, m. 


9-6 


8-8 


10-6 




Diameter of driving wheels . . 


1-31 


1-2 


1-4 




Number of motors . . 


2 


2 


3 




H.p. of each motor* 


600 


600 


600 




Method of drive 


Coupling rods 
driving two 
intermediate 


Gearing and 
intermediate 
rods. 


Gearing. 






shafts. 









* In constant service. 



al Plan of Chassia- 
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The French Weetinghouse Company's locomotive as built for the Midi Railway 
is shown in Fig. tf9, and Fig. 70 is a drawing of the engine. The pinions on the two motor 
shafts mesh with two gear wheels mounted on intermediate shafts, and the power 
is then transmitted to the driving wheels by a yoke and side rods in the manner shown. 
The locomotive is divided into two distinct portions, and a separate transformer is 
employed for each motor. The total 

ler^th, measured over the buffers, is «ii*™*«« 

1137 m., the total wheel base 8 m., 
and the rigid wheel base 4 m. The 
engine has a total weight of 81 tons, the 
mechanical portion accounting for 38 tons 
and the electrical equipment 43 tons. 
Motors and gearing weigh 27 tons, trans- <v, 
formers and preventive coils 95 tons, 

the multiple control mechanism 3-5 tons, ^^''- 68-— P^file <** IJn® *»>» TUlefranche 
compressors 1 ton, ventilators, current ^' 

collectors, and accessories 2 tons. The motors are of the forced ventilated type. 
They are series-compensated machines. Fig. 71 shows a motor complete, Fig. 72 
the field system with the armature removed, and Fig. 73 an armature. The ratio of 
the gearing is 45 : 74. Like the motors, the transformers are of the forced ventilated 
type. The Westinghouse Company's electric-pneumatic system of control is used. 

The contactors are closed with compressed air and opened by springs. The 



Fig. 69. — 1,200 h.p. WeBtinghouse Single-Phaae Locomotive. 

electro-pneumatic valves are supplied with current from the transformers at a pressure 
of 65 volts. The electrical connections of this locomotive are simple, as can be under- 
stood from the diagram of connections. Fig. 74. Here the motor switches are marked 
A, the transformer switches B, the field windings C, the motor armatures M', M^, and 
the transformers T, and T^. The sequence in which the switches are closed is shown 
in the diagram, Fig. 75. The maximum pressure apphed to the terminals of the 
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Fio. 71.— 600 h.p. Single-Phase Motor. 



FlO. 72. — Motor with Armature Bemoved. 
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motors is 420 volts. It has been stated that the specification for these locomotives 
demanded that when the engine is running on s down gradient it should be capable 
of returning current to the Une. In the first instance, the Westinghouse locomotive 
was designed in accordance with these requirements. The braking action was obtained 
by separately exciting one of the motors, the excitation of the second being obtained 







FiQ. 73.— AxmotuM of 600 h.p. 



Fra. 74. — ConnectioiiB for WeetinghouBO 
Locomotive. 



from the armature of the first. Apparently the scheme introduced a great deal of 
compUcation, and it has now been abandoned. Another system of electric braking, 
however, has been introduced. 

Instead of returning the current to the line, resistances are connected to the trans- 
formers. This scheme has proved quite satisfactory so far as braking is concerned, 
although, of course, it is not a regenerating system. During the trials it was found 
possible to brake a 100-ton train on a 1'7 
per cent, gradient, and to regulate the 
speed between 62 and 10 km. per hour. 
With a 280-ton train it was possible to 
reduce the speed from 42 to 14 km. 
with the use of the resistances. This 
system of braking has been found to 
answer the requirements. The regenera- 
ting scheme not only complicated the 
electrical equipment, but it also 
demanded a great deal of oare and 
attention on the part of the driver. 
The builders of this locomotive point 
out that, in order for the regeneration 
of current to be of advantage, it is 
necessary for at least two locomotives to be in use at the same time, otherwise the 
regenerated current is sent back to the power station, where it may prove a 
source of trouble. On the Giovi line, near Genoa, for example, where three-phase 
current is used on the locomotives, a special Uquid resistance has been put down in 
the power house for the purpose of absorbing the current sent back to the generating 
station when the regenerated energy exceeds the demand. 



Fio. "o. — Diagram aliowiiig Order of 

Closing ContactorB. 
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The following table gives the results of some trials which were carried out with 
the French Westinghouse Company's single-phase locomotive on an incline of 1'7 
per cent. The weight of the train hauled was 280 tons, and the approximate tractive 
effort 6,100 kilos. :— 

Speed in km. per hour 

Power (draw -bar) 

Volts 

Amperes 

K.V.A. .. 

Kilowatta 

Cob 

Efficiency 



The efficiency is calculated from the power avallahle for hauimg and that 
measured by the electrical instruments in the sub-station. 

Orders have also been placed for thirty Westinghouse motor coaches, which will 
have two bogies, each fitted with a pair of motors. A drawing of one of these motor 
coaches is given in Fig. 76. Bg is the compressor case, I high tension switch, R ven- 
tilated resistances, T main transformer. The total length is 19 m. There will be 



Fio. 76. — Motor Coach tor Midi Bailway. 

four second-class compartments, each containing thirty-two seats ; two first-class 
compartments having twelve seats, one lavatory, a luggage compartment, and two 
drivers' compartments. 

The locomotive constructed by the French Thomson-Houston Company was 
built to conform with the conditions already given. Apparently, much considera- 
tion was paid to the question of how the power developed by the motors should be 
transmitted to the driving wheels. This seems to be a question which some firms 
have had difficulty in settling. Opinions differ as to whether the motors should be 
of the geared type or whether they should be built for a comparatively slow speed 
and drive the wheels by means of rods. After much experimental work the French 
Thomson- Houston Company has come to the conclusion that the latter scheme is 
preferable. Accordingly the locomotive which has been built for the Midi Railway 
is fitted with two fairly slow speed motors having cranks at each end of their shafts. 
Connecting rods coupled to these cranks transmit the power to the intermediate shafts 
placed in the same plane as the wheel axles, and from these intermediate shafts the 
power is transmitted to the six driving wheels by horizontal side rods. Fig. 77 shows 
the complete locomotive. The connecting-rods are inclined at the greatest possible 
angle, the motors being placed close to the centre of the locomotive. Pig. 78 shows 
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the motors erected on the test piste, whilst Fig. 79 shows them in the locomotive. 
Bare copper conductors are used for conducting the low tension current to the motors. 



Fio. TT. — 1,200 h.p. Thomson- Houston Single-Phase Locomotive. 

There is only one transformer on this locomotive. It is placed near one of the driver's 
compartments, as shown in Fig. 80. Owing to the manner in which the motors, 



Fto. 78. — Motors Mounted on Teat Bed. 
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Fia. 79. — Uotora Mounted in the Locomotive. 

etc., have been arranged the height of the centre of gravity of the engine is comparable 

with that of a good steam ocomotive. 

The motors used on this locomotive 
are started as series repulsion machines. 
In designing the motors the objects aimed 
at have been to obtain a good starting 
torque and satisfactory commutation. 
To secure the latter the motors have 
been provided with a large number of 
poles, for it is an estabhshed fact that 
the quality of commutation is dependent 
on the magnitude of the electromotive 
force induced in the short-circuited 
armature turns. This electromotive force 
is governed by the magnitude of the 
field flux. By using a large number of 
poles the flux per pole can be reduced, 
with a corresponding reduction in the 
electromotive force induced in the short- 
circuited coils of the armature. When 
starting the brushes are short-circuited 
and current is suppUed to the stator 
terminals. After the motor has attained 
synchronous speed the armature is con- 
nected in series with the field windings. 
A voltage is also impressed on the com- 
pensating winding which produces a 
g(,n. commutating flux. This voltage is 
obtained from the secondary of the 
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main transformer. The motors each have twenty poles ; consequently the Bynchronous 
speed when working as a repulsion machine \b 100 revolutions per minute — 
periodicity ICJ. This speed corresponds to 25 km. per hour. When the armatures 
are connected in series with the field windings the maximum speed of the locomotive 
is 78 km. per hour, about three times the value obtained when the motors are 
running at synchronous speed. The following table gives the leading dimensions of 
this locomotive : — 

MetreB. 
Diameter of driving wheels . . . . I'SIO 

Diameter of pony wheels . . "850 

Total wheel base »« 

Lenjith over buffers 13-75 

Current Js collected from the overhead wire by means of two pantograph collec- 
tors. These are held in contact with the overhead line by means of springs and 
lowered with compressed air. Each motor is designed for developing 600 h.p. con- 
tinuously and 750 h.p. for one hoiir. Fig. 81 is a diagram of connections for the 
Thomson-Houston Company's locomotive, a simpliiied diagram being given in the 
right-hand comer. In the main diagram high-pressure and heavy current circuits are 
represented by thick lines. The high-tension circuit from the current collectors 
N N to the main transformer in the lower left-hand corner can easily be traced. A 
fuse, as shown in Fig. 82, is inserted in 
this circuit. Near to this fuse (200 
amperes) there is the main oil switch. 
Overload and release coils are fitted to 
this switch. A tapping taken off from 
the primary of the transformer gives a 
pressure of 600 volts. Current at this 
pressure is used for the lighting circuit. 
Fig. 82.-High Tension Fuse. *'^^ contactor control circuit, and the oil 

switch release circuits. The switches for 
these three circuits are marked on the diagram. It will be understood that the 
main oil switch is fitted with remote control, so that it can be opened electrically 
from the driver's platform. 

Since the high-tension switch ie fitted with an overload trip coil and since a fuse 
is interposed in front of this switch, it is evident that the motors are well protected, 
and there is little fear of the electrical equipment being damaged by overloads. The 
main oil switch shown in Fig. 83 can either be closed by hand or by compressed air. 
A diagram showing the arrangement of the compressed air pipes is shown in Fig. 84. 
This will be referred to again presently. The main transformer is of the air-cooled 
type and is designed to withstand four times the normal working pressure. Its 
secondary has seven main tappings giving pressures ranging from 260 to 720 volts. 
A circuit working at a pressure of 100 volts supplies current to the motor driving the 
blower. Another circuit worked at 320 volts supplies current to the compressor 
motor. The 600-volt circuit, as already explained, supplies current for the control 
magnets of the contactors. The wiring diagram shows that the secondary circuits 
are controlled by means of twenty contactors. Views of one of these contactors 
are given in Figs. 85 and 86. The small diagram in the right-hand comer of Fig. 81 
assists in following the change in connections for starting, reversing, braking, 
and running. Contactors 11, 12, 13, and 14 are brought into use for reversing the 
direction of running. They reverse the direction of current in the field winding with 
respect to that in the armatures at any given instant. Contactors 11 and 13 are 
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closed for one direction of running and contactors 12 and 14 for the opposite direction. 
The reversing contactors cannot be actuated whilst the motors are being suppHed 
with current. 

Although the builders of the locomotive previously described abandoned the idea 
of employing a regenerating system of braking, the engine now under consideration 
is designed for returning current to the line. One difficulty attending the scheme 
is that of preventing the motors generating continuous current. If a series motor is 
connected to the secondary winding of a transformer it is clear that the winding of 
the latter, together with the armature, forms a closed circuit. If, therefore, the motor 
acts as a generator there is nothing to hinder it producing a continuous current, the 
magnitude of this being only limited by the ohmic resistance of the circuit. On 
the locomotive built by the Thomson- 
Houston Co. a series transformer is inter- 
posed in the braking circuit, as shown in 
the small diagram in the right-hand comer 
of Fig. 81. This transformer is put into 
circuit by the contactors 16 and 17, which 
are closed during the braking period,' 
contactor 15 being opened. When the 



Fig. 83. — Main Oil Switoh. 




'Arrangemunt ot CompreHeed Air Pipes, 



locomotive is taking in current, on the other hand, contactor 15 is closed and 16 and 
17 are open. It has been found that the regenerated energy on a given gradient 
may be as much as 40 to 45 per cent, of the power absorbed on the ascent of the 
gradient. The switch for giving series repulsion and series connections is to be seen 
in the small diagram on the right of Fig. 81 and also in the main diagram. 

In order to prevent interruptmg the circuit as the changes in the connections 
are made, resistances are used as shown under the contactors 5 and 6. These are 
connected to the contactors 5, 6, and 7 in the manner indicated. An illustration 
of the resistances is given m Fig. 87, Since a failure in the 260-volt supply derived 
from the point V of the transformer might lead to sparking at the brushes, it was 
considered inadvisable to include a fuse in this circuit. Similarly an interruption 
on the circuit W might also lead to very unsatisfactory working. Accordingly, 
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contactor 19 is fitted with an interlocking device, so that when it opens it carries con- 
tactor 18 with it, and vice verad. Obviously, the blowing of the fuses U might also 
be the means of producing sparking at the brushes ; therefore, these fuses have 
been made exceptionally heavy, so that they will only blow in the event of a bad short 



Fio. 8a. — 3,000 Ampere Contactor. Fifl. 86.-- a.OOO Ampere Contactor, 

circuit. The fuses in series with contactor 7 serve to break the circuit when the 
motors are overloaded. Should a breakdown in the insulation occur between the 
windings of one of the motors and the frame, the fuse MA to be seen at the lower left- 
hand comer of the diagram is brought into action. This, it will be observed, is con- 
nected between the 260-volt tapping and earth. The capacity of this fuse is small 
as compared with that of the other 
fuses. Its main object is to avoid 
accidents arising from a static charge. 

Let us now return to the switch, 
which is used for changing the con- 
nections of the motors, and which is 
shown to the best advantage in the 
small diagram in the right-hand lower 
comer of Fig. 81. This switch, it should 
be explained, is operated by compressed 
air from either of the controlling plat- 
Fio. 87.-Eesi.tanee Unit. ^^^^ j^. ^^^^^ Bhort^-circuits the 

armatures of the two motors or joins up the wire V to the commutation windings. 
A resistance R is used in conjunction with this switch, which only remains in circuit 
for a short period. All other changes in the secondary connections are made by the 
contactors. The seven contactors 1, 2, 3, 4, 8, 9, and 10 are iised for accelerating 
and reducing the speed of the locomotive. The three contactors 5, 6, and 7 control 
the resistances which serve to limit the current each time one of the secondary sections 
of the transformer is short circuited. These resistances lessen the variations of the 
current of the motor each time a secondary section of the transformer is brought 
into service. More tappings would be necessary in the absence of these resistances 
or their equivalent. Contactors 11 to 14 serve for reversing the direction of running 
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as explamed. Contactors 18 and 19 are similar to the so-called principal contactors 
used on continuous current locomotives. Contactors 15, 16 and 17 are used for braking. 
Contactor 15 disconnects the main excitation winding from the armatures. Con- 
tactor 16 connects them to the braking circuit, that ia, to the series transformer and 
resistance. Contactor 17 coimecta up the other winding of the transformer which is 
in series with a reactance coil. Finally, contactor shunts one part of the resistance 
in the manner shown in the small right-hand diagram. It has been explained that 
the commutator switch which short-eircuita the armatures, etc., at starting is actuated 
with compressed air. The electrically operated valve which admits air to the piston 
controlling this switch Is indicated at A in the lower part of the large diagram. 

Each controller, as shown in Fig. 88 and in detail in the top left-hand comer of 
Fig. 81, has three handles, the main controlling handle, the braking handle, and 
that used for reversing. There are also 
three separate cylinders, a is the 
cylinder for changing the direction of 
running. The contact device b is con- 
nected with the relay which actuates 
the valve of the compressed air cylinder 
of the commutator switch provided for 
the purpose of connecting up the motors 
for repulsion and series working. First 
of all this contact device gives the 
repulsion connection, but when the 
main controller handle is turned to the 
ninth position it opens automatically 
and causes the commutator switch to 
connect up the motors for series working. 
The contactors are capable of dealing 
with currents up to 3,000 amperes at 
pressures of from 450 to 800 volts. They 
are fitted with magnetic blow-out gear 
and renewable auxiliary contacts. 

Turning now to the diagram Fig. 84, 
compressed air is stored in the reservoir 

R. The compressor, which is indicated yiq. B8. Controller. 

at T, is operated with a repulsion motor. 

The regulator which automatically starts and stops the compressor is shown at X. 
The compressed air pipes can be charged with the hand pump J. This is used in the 
event of the reservoir being empty and no current available. After the supply of 
compressed air has been obtained the various switches, etc., can be closed. The cocks 
MM are closed when the hand pump is used. The cylinder I controls the main oil 
switch. But when the hand pump is used the oil switch is usually closed by hand. 
In order to put one of the current collectors into contact with the line it is necessary 
to release the air in the corresponding cylinder D. To lower either of the collectors 
it is simply necessary to open the bolting clock previously closed and to send air into 
one of the cylinders E by turning the three-way cock from the escapement position 
to the position which enables air to pass into the cylinders. AB are the three-way 
cocks for controlling the current collectors. CC are the three-way cocks for closing 
the main oil switch from either end of the locomotive, FF are the escapement pipes, 
and N is the cock which admits air to the cylinder O which actuates the switch for 
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short-circuiting the armatures. The voltmeters in the drivers' compartments are 
connected to the secondary circuit, but are graduated to give the primary pressure, 
the scale extending to 14,000 volts. 

The locomotive built for the Midi Railway by the Ateliers de Constructions 
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Fio. fl9. — 1,500 b.p. SiDgle-Phase Locomotive. 

Electriques du Nord et de I'Est possesses a number of interesting features and differs 
considerably from the other engines that have been described. It is of the 2-6-2 
type, and is fitted with three 500 h.p. single-phase motors. The drawing, Fig. 89, 
gives the arrangement of the motors and other portions of the electrical ec[uipment, 



I'lo. 90. — 1,500 h.p. Single-Phase Loeomotive. 

while Fig. 90 shows the actual engine. There are no rods of any kind. Each motor 
is geared to a hollow spindle or quill, which surrounds the driving axle, the ratio of 
gearing being 1 to 272. The system of driving will be understood from Figs. 91, 92, 
and 93. The hollow spindle A is coupled to the driving wheels by means of an elastic 
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coupling. At each end of the hollow spindle there are arms B. The circular coupUng 

piece Q has four extenaions. Two of these, TT, are free to turn and slide in the 

broDze shells C mounted in the arms B 

and two, T' in the shells C^, held with a _ 

certain amount of play in the track 

wheel flange. This permits of a small 

amount of rotation of the hollow shaft 

around the drivii^ axle and a certain 

inclination to its axis. The shells C are 

designed so that they can slide parallel 

to the axle in their bearings P. It will 

therefore be seen that the couplings allow 

for side play. Moreover, the bearings P 

are held between springs B in the wheel 

flange. These springs prevent shock 

when the locomotive is started, and 

serve to damp out oscillations in the Fio. 8 

driving torque of the single-phase 

motors. The centre of gravity of this engine is I'S m. above the tops of the rails. 

The following are the leading dimensions : — 

Gauge 

Length over buffers . . 
Height of body above raila 
Height with pantographs (mai 
Height with pantographe (min 
Diameter of driving wneele. . 
Diamet«r of pony wheels 
Weight on each driving axle 
Total weight of locomotive 

There are many things shown on the diagram of connections — Fig. 94 — which 
call for detailed description before their functions can be understood, but it will perhaps 



—Driving Wheels and Coupling. 




Fig. 92. — Flexible Coupling. 



Flo. 93. -Section ot Coupling. 
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be ftdviaable to indicate what the various letters represent before proceeding further. 
Tr main transformers ; M main motors ; m compressor and blower motors ; tr series 
transformer for regenerative control ; C main switch ; In main reversing switch ; 
Cc centrifugal regulator ; Cr relay for regenerative control ; Cd switches for changing 
from repulsion to series connections. M» main controllers ; Smt small motor for 
voltage regulation ; SmC small motor for actuating the main switch ; Smi small 
motor for main reversing switch ; Sma small motor for the starting controllers ; 
dm the starter for the compressor motors ; Cmi the reverser for the compressor 



Fig. 95. — Transformer and Induction Flo. fl((. — Transformer and Induction 

Eegulfttiii-. Regulator. 

motors ; tre compensating transformers ; ire exciting transformers ; re compound- 
ing resistance, and mc treadle switch. 

From the foregoing it will be seen that the engine has two transformers. 
Mounted on the upper yoke of each there is an induction regulator, as shown 
in Figs. 95 and 96, the regulators serving to change the pressure at the terminals 
of the three motors. This arrangement is said to offer various advantages. The 
induction regulators are naturally of the single-phase type, and are connected in series 
with the transformers. The voltage they produce is either added to or subtracted 
from the pressure at the terminals of the transformers. By this means a pressure 
ranging between 200 and 760 volts can be obtained, the change taking place in a 
perfectly steady manner. It is claimed that with the induction regulators arranged 
in this manner the weight of the transformers is only slightly increased, the losses are 
small, and the scheme is far preferable to that of employing a large number of 

o 2 
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contactors. The system obviates the necessity of using tappings on the secondary 
side of the transformers. 

The stators of the induction regulators are magnetised by the windings of the 
transformers. There is a short-circuit connection between two points on the rotating 
element of each induction regulator, the object of this being to annul the inductive 
drop. The moving element of each induction regulator is moved by means of a 
small motor mounted at the top of the regulators, as shown in Figs. 95 and 96, the 
power being transmitted through two reduction gears having ratios of 1 : 31 and 1 : 33. 

The main driving motors are of the compensated series type. But they are used 
as repulsion machines when starting the locomotive. For the purpose of changing 
from the repulsion to the series connection or vice versa switches are fitted above each 



Fro. 97.— Motors Mounted on Test Plato. 

motor, as shown in Fig. 97. The stator carries three windings, a main series winding, 
a compensating winding, and another winding which can also assist commutation. 
We can consider both these latter as compensating windings. They are placed in 
the same slots, and for series working they are connected in parallel as shown in 
Fig. 98, They have different numbers of turns and different cross-sections. These 
windings are displaced 90 electrical degrees from the main winding, and the compen- 
sating current is proportional to the working current. When running as series 
machines the maximum pressure applied to the terminals of each motor is 230 volts 
and the minimum pressure 67 volts. The starting or repulsion connections are shown 
in Fig. 99. Fig. 100 shows one of the 500 h,p. single-phase motors. 

One object of working the motors as repulsion machines at the low speeds ia that 
the commutation is more satisfactory under these conditions and an excellent starting 
torque can also be secured. When the motors are working as repubion machines 



THE MIDI RAILWAY 85 

the commutation windings are not connected in parallel, as shown in Fig. 98, but one 
winding is disconnected from the other, as shown in Fig. 99. The windings (two) of each , 



&0 ^^ 



FlO. 98. — Running Connections. 



Fio. 99. — StarttDg Conneutions. 



motor (see Fig. 99) are then connected in parallel. The result of this is that all the 
motors are oompelled-to run at equal speeds. If one of the motors has a tendency to 
run at a higher speed than the others, a higher pressure is produced in the winding 



Fio. 100. -oO« h.p. Single-Phase Motor. 

(No. 2), which is connected in parallel with the corresponding windings of the other 
motors. Consequently a circulating current is set up in these windings which tends to 
increase the speed of the other driving motors and to reduce the speed of the machine 
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which is running too fast. It will therefore be seen that this arrangement obviates the 
necessity of using side rods. When the motors are working at the higher speeds they 
no longer operate as repulsion machines. They are all connected in series. 

Another very interesting feature of this locomotive is the scheme adopted for 
returning current to the line when the engine is running down gradients. For this 
purpose the motors are separately excited. Current for exciting the motors is 
obtained from an auxiliary winding placed on the stator of the compressor motors, 
and displaced 90 degrees with respect to the main windings. The motors driving 
these compressors are of the Latour type. The main windings are fed at the 
supply voltage Ei, and the auxiliary windings supply to the field windings of the 
main motors a current which produces a field suitable for producing a voltage E^ 
almost in phase with Ej. By properly adjusting the induction regulator the total 
secondary voltage Eg can be made equal to E2, and the main switch C to be seen in the 
diagram of connections, Fig. 94, can be closed. But as soon as the motors regenerate 
an appreciable phase displacement between the current and pressure takes place. To 
overcome the difficulty the transformer tr is provided, the primary of which carries 
the main current, whilst the secondary is connected to the terminals of the com- 
pressor motors. Moreover, to neutralise the phase displacement produced by the 
compressor motors themselves a compensating transformer trc is provided. The 
transformer tre and ohmic resistance pc produce a compounding effect on the 
compressor motors, so that they operate as well under ordinary conditions as they do 
when used in connection with the regenerative control system. It appears that with 
these special arrangements of auxiUary transformers, etc., the compressor motors work 
at approximately unity power factor when running as motors pure and simple as 
well as when also operating as phase transformers. 

For regenerating it is necessary to couple the armatures of the main motors 
with the induction regulators and to connect the field systems with the rotary phase 
transformers, that is, with the auxiliary windings of the motor compressors. All 
the controlling operations are carried out by means of the small two-cyUnder controllers 
and a foot pedal switch. From the diagram. Fig. 94, it will be seen that all the control- 
ling operations are effected by small auxiUary motors. Signal lamps in each cabin 
indicate the position of the various controlling devices The cyhnders B of the main 
controllers have five steps These drums control the direction of running and the 
braking operations. Cylinders A also have five stops, 00, 0, I, II, and III. When the 
handle is in the position 00 the control circuit is broken. The stop corresponds to 
the minimum pressure from the transformers and induction regulators. At this 
point the low-pressure circuit is opened at the switch C. At stop I the low pressure 
circuit is completed, by the closing of the switch C. The transformers are then giving 
the minimum pressure. On placing the handle at position III the pressure increases 
automatically. The two cylinders A and B are interlocked so that they can only be 
operated in the right order. When the pedals are depressed the motors are connected 
as repulsion machines and when raised as series motors. 

Small controlling motors have been used in preference to other arrangements, 
because they are reliable, simple, and cost little to maintain. These small motors 
are of the repulsion type, the stator having three windings, which are star connected. 
One of the terminals is earthed. By feeding the motors by means of one or the other of 
the remaining two terminals different directions of rotation are obtained. These small 
motors work at a pressure of 100 volts, obtained from a tapping taken from the trans- 
formers. Current for the control circuits can be taken from either of the transformers 
by simply actuating a switch. A current relay is used in the control circuit. It consists 
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of a small motor which can only rotate through a quarter of a revolution. During the 
movement of the armature an auxihary contact can be closed or opened. This con- 
tact is interposed in the control circuit of the auxihary motors, which actuate the induc- 
tion regulators. If the main motor current exceeds a certain value the auxihary 
contact breaks the feed circuit of the motors of the induction regulators and the 
pressure at the terminals of the main motors ceases to increase. When the current 
decreases the auxihary contacts are again brought together, and the auxihary 
motors of the induction regulators are then set into operation and the voltage increases 
as before. It is possible to cut this relay out of circuit by means of a switch placed 
near the controllers. It short circuits the auxihary contacts of the relay. The main 
reversing switch In is to be seen at the top of the diagram. It is operated by the 
motor Smi controlled by the reversing controller. 

To start the locomotive one of the foot pedals is depressed and the handle of one 
of the controllers A is turned. When the position III is reached the pressure at the 
motor increases automatically by reason of the movable elements of the induction 
regulators turning. The starting current is limited by the current relay in the manner 
described. But if it is desired to accelerate rapidly the current relay can be put out of 
action. Under these conditions it is necessary to watch the needle of the ammeter 
and to manipulate the controller in accordance with the reading. When the speed 
has been increased sufficiently for series working, the controller handle A is placed 
in the position II. In order to slacken the speed it is placed in position I. The pedal 
is released to change to the series connection for the higher speeds. The series con- 
nection can also be estabhshed automatically by the centrifugal regulator Cc. 

But let us now return to the question of regeneration. Suppose that the motors 
are excited from the compressor motors in the manner described. The pressure at 
the terminals of the motors will rise with an increase of speed ; the excitation is 
nearly constant. The transformers are also developing a certain voltage, and as these 
are in series with the motors there is a certain resultant pressure at the low-tension 
switch, which, we will assume, is open. The regeneration relay O is energised at 
this voltage. When the pressure reaches a certain value the relay closes the low-tension 
switch through the medium of the motor SmC. Nevertheless, it is still necessary 
for the centrifugal regulator to close the circuit, and this only takes place at a speed 
above 20 km. per hour. When the circuit is completed between the motors and the 
transformers the rise of the pressure of the motors causes current to be sent back 
into the line. In order that this may occur it is evident that the pressure of the 
motors must always slightly exceed the opposing pressure of the transformers and 
induction regulators. Since the pressure of the former is constant, the speed at which 
regeneration occurs depends on the induction regulators. Therefore, to alter the speed 
at which regeneration takes place, it is simply necessary to change the voltage 
developed by the induction regulators. To increase the speed at which regeneration 
occurs it is necessary to raise the working voltage by means of the regulators, and to 
diminish the regenerating speed it is necessary to diminish the transformer voltage. 
The regenerating relay prevents the regulators from diminishing the pressure too much, 
and this limits the regenerated current. A voltmeter is also connected across the low- 
tension switch, so that when the pressure indicated is less than 120 volts the controller 
handle can be placed in the position II and the driver then waits for the action of the 
regeneration relay. The precise method of procedure is as follows : — First, the handle 
B is placed in the regenerating position. With the other handle in position III the 
voltage of the regulators is increased. When the voltmeter connected to the low- 
temion switch indicates 120 volts handle A is placed in position II, after which the relay 
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causes the low-tension switch to close. The relay in acting establishes the pressure 
on the motor of the low-pressure switch. This closes the circuit and regeneration 
commences. The current which is sent back into the line is recorded on the ampere 
meter. If it is desired to accelerate the engine whilst regeneration is taking place the 
handle A of the controller is turned to the position III. If, on the other hand, a reduction 
in speed is desired the handle is moved to the position I, just as when the engine is 
taking in current. When the speed falls below 20 km. per hour regeneration is 
automatically stopped by means of the centrifugal apparatus Regeneration can 
therefore only take place when the speed exceeds 20 km. per hour. 

Some interesting tests have been carried out on this locomotive. The most 
troublesome gradient — 17 mm. — is between Marquixanes and Prades, a distance of 
5-3 km. Many curves are also met with on this part of the line. At the time of the 
official tests, however, the speed did not fall below the specified value with trains 
weighing 100 to 280 tons, although the pressure was not always maintained at 12,000 
volts. The drop in the pressure was mainly caused bv the small capacity of the plant. 
The following results were obtained on this 17 mm. gradient :— 



Haulinff load, tons . . 
Speed, km. per hour 
Power absorbed, kilowatts 
Pressure on overhead wire 
High -pressure amperes 
Low-pressure amperes 

OOS 6, . . . . 

Low-pressure volts. 



280 . . 


100 


41 .. 


61 


1,100 .. 


850 


10,300 . . 


11,000 


120 . . 


83 


1,626 . . 


1,100 


•89 . . 


•91 


660 . . 


700 



The above figures cover all the power used for auxifiaries, such as compressors, 
etc. At 12,000 volts the speed for a 280-ton train is 46 km. per hour, and for a 100- 
ton train 65 km. per hour. The power factor will be sfightly improved at the higher 
voltage. Fig. 101 gives the speed attained, the kilowatts and amperes absorbed when 
starting the locomotive on this 17 mm. gradient. A speed of 34 km. per hour has 
been reached in two minutes, the low-pressure current not exceeding 2,100 amperes. 
The high-pressure current at starting was 72 amperes. 

On starting the 280-ton train on this 17 mm. gradient sUght sparking at the 
brushes of the motors was noticeable, but this was not at all serious. During the run 
no signs of sparking were observed. Commutation was also highly satisfactory 
when the motors were sending current back into the line. The energy suppUed to 
the system when a 280-ton train is running down the 17 mm. gradient at a speed of a 
38 km. per hour was found to be 400 kw. This corresponds to 40 amperes at 12,000 
volts and 83 power factor. With a train of 100 tons the power factor of the regenerated 
current is nearly unity. 

Another interesting single-phase locomotive is shown in Fig. 102. This was 
submitted by Brown, Boveri & Co. for the Midi Railway. It is a standard gauge 
locomotive with the 2-6-2 wheel arrangement, and is equipped with two 750 h.p. 
motors of the single-phase commutator type. The locomotive is designed for normal 
speeds of 35 — 60 km. per hour, the maximum speed being 75 km. per hour. The 
pressure at the terminals of the motors is 1,000 volts. As in the case of the motor 
coaches used on the Martigny-Orsi^res railway, described elsewhere, the speed is 
entirely controlled by brush shifting, and the motors are of the Deri type. The rotor is 
quite independent of the stator so far as electrical connections are concerned, and 
each motor has two sets of brushes, one of which is fixed and the other movable. 
The speed and direction of rotation of the motors, and hence the speed and direction 
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of travel of the locomotive, are controlled by displacing the movable brushes in one o 
other direction. 



. 101.— Starting Cui 



This is effected by means of a hand wheel in the driver's cab at each end of the 
locomotive. The direction of rotation of the motors is always opposite to that in 



— BrowU' Bovm Locomotive. 
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which the brushes are displaced, and the speed increases with the angle of displacement. 
No starting or regulating resistance or reversing switch are therefore necessary. Like 
other firms which have adopted brush displacement for controlling the speed, 



Flo. 103. — A.E.G. Goods Locomotive. 

Brown, Boveri & Co. direct particular attention to the fact that this form of 
control has the advantage that the locomotive can accelerate quickly and smoothly, 
since the regulation does not take place in steps, as is the case with the usual type 
of controller, but is continuous from standstill to maximum speed. 



. lO-i. — A. E.G. Locomotive lla<i1iiig Train. 



The illustration. Fig. 103, shows a large passenger and goods locomotive that 
has been built by the A. E.G. Company. A view of the same locomotive hauling a 
goods Irain is shown in Fig. 104. The total length of the locomotive measured over the 
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buSers is 13,140 mm., the diameter of the driving wheels 1,310 mm., and the diabieter 
of the crank circle 540 mm. Altogether, the weight of the locomotive is 85 tons, and 
54 tone of this is utiUaedfor adhesion. Since there are three driving axles, the adhesion 
pressure per axle is 18 tons. The propelling power is derived from two motors, each 
of which is rated at 800 h.p. for one hour, and these two machines enable the loco- 
motive to exert a tractive force of 12,500 kilos, on the draw bar. The maximum speed 
is 75 km, per hour. The motors drive the axles through two intermediate jack shafts 
which are placed between the end running axles and driving axles. The motors 
are so placed that the driving-rods are at an angle of 45 degrees with respect to the 
base of the locomotive. 

The main motors are mounted high up in the body, and the transformer is placed in 
the space between the two machines. Contactor control has been adopted for varying 
the voltage at the motor terminals. The 
working current passes from the various 
transformer tappings of the main trans- 
former through the magnetically operated 
contactors, through the stationary wind- 
ing of the motor, and through a special 
exciter transformer. This latter supplies 
current for exciting the motor, the ex- 
citing current being fed into the rotor 
as in the case of the motors fitted to 
other locomotives built by the A.E.G. 
Company. This exciter transformer is 
constructed on the single coil principle. 
In other words, it is an auto-transformer. 
Like the main transformer, this exciting 
or auxiliary transformer is provided with 
a number of tappings, and the pressure 
at which the exciting current is fed into 
the rotor is governed by contactors. But 
it is only at the higher speeds that this 
special voltage is impressed upon the 

rotor windings, since at normal speeds- p^^ i,Ki._L.terior of DriTer'a Cabin. 

i.e., about 40 km. per hour— the arma- 
tures are short circuited. The motors then work as repulsion machines. This engine 
is also designed for regeneration on down gradients. 

The interior of the driver's compartment of this locomotive is shown in Fig. 105, 
from which it will be gathered that the handle of the controller ia provided with a 
knob, or " dead man's handle," which when released cuts off the power from the motors, 
and the locomotive is brought to a standstill. The reversing drum for reversing the 
direction of the motors is embodied in the same controller case as the main controlling 
drum. When it is required to cause the motors to regenerate, the reversing handle 
is turned to a marked point on the controller. There are also two other positions 
which give the motors the correct direction of rotation for forward and backward 
tunning of the locomotive. In the case of this locomotive, some of the contactors 
are moimted in a frame over the main transformer, whilst the remainder are fixed 
in cases at the ends of the motor compartment. The exciting transformer and 
motor-driven air compressor are also placed at the ends of the motor compart- 
ment. The two current collectors used on this locomotive are similar to those 
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employed on the locomotives constructed for the Dessau-Bitterfeld line, described 
elsewhere. 

These collectors are raised and lowered by turning the compressed air cock in 
the driver's cabin. To facilitate the removal of the motors and transformer from 
the locomotive, a portion of the roof can be opened so that the heavy parts of the 
electrical equipment may be lifted out by means of a crane. It is worthy of mention 
that this locomotive has drawn goods trains weighing 1,500 tons at a speed of 40 km. 
per hour on fairly steep gradients. In order to determine the regenerating properties 
of the equipment, trials were carried out on the Dessau-Bitterfeld line, but owing 
to the absence of steep gradients on this railway, it became necessary to couple this 
large locomotive to another locomotive, the latter taking in current and the former 
returning it to the overhead wire. The results went to show that at medium speeds 
regenerative braking was quite practicable, and that an appreciable reduction in the 
output of the generating station can be brought about by adopting this practice. 



CHAPTEK IV 

THE BLANKENESE-HAMBURG-OHLSDORF RAILWAY 

Electric working was commeticed on this line January 29th, 1908, and the 
traffic has been increasing ever since. It has already been necessary to extend the 
power station and coach shed on two occasions and to make other alterations. The 
Blankenese-Hamburg-Ohlsdorf Railway, constructed and worked by the Prussian 




Fia. 106. — Map of the Blankenese-Hamburg-OhlBdorf Eailway. 

State authorities, was the first railway with dense traffic to adopt the single-phase 
system in Germany. As the map, Fig. 106, shows, the line may be divided into 
one principal town section and two suburban sections. The western suburban section 
is 8-9 km. long, and extends from Blankenese to the main station at Altona. The town 
section proper is 10-7 km. long, and forms a connection between Altona and Hassel- 
brock, whilst the northern suburban section begins at Hasselbrock and ends at Ohlsdorf. 
There are seventeen stations, with an average distance apart of 1-67 km., the greatest 
distance between stations being 4-1 km., and the least -6 km. The total length of 
the line is 26-71 km., and it is constructed with double lines throughout. At all the 
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intermediate stations the time allowed for stops is 30 seconds, whilst at the head station 
At Altona a one-minute stop is permitted. Under these conditions the total time 
required for covering the whole journey in either direction is 52 minutes, and the 
average travelling speed 30-7 km. per hour. There is a five-minute service on the 
town railway and a ten to twenty-minute service on the suburban sections. 

The power station is situated about 1-5 km. to the north of the main railway 
station at Altona. Originally the engine-room contained four single-phase turbo- 
generators for supplying current to the railway, one lighting generator, two converters, 
and an engine-driven set for charging the battery. The first extension was made in 
1909, when a large railway generator and a direct-current turbo-generator were added. 
In 1910 two other railway generators were put into use, making a total of seven 
turbo-generators of the Siemens-Schuckert type. The alternators generate single- 
phase current at a pressure of 6,300 volts and at a periodicity of 25 cycles per 
second. They run at a speed of 1,500 revolutions per minute, and have a capacity 
of 1,250 kw. at a power factor of -75. It is possible to work the machines at 1,700 
kw. for short periods. The generators are two-pole machines, and are controlled by 
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Fig. 107. — Diasrain of Feeder Connections. 



an automatic regulator which maintains the pressure within + 5 per cent, of the 
normal value. Choking coils are used for limiting the short circuit current. 

The lighting generator has a capacity of 600 kw., and supphes current at 6,300 
volts and 50 cycles per second. It provides current for lighting the stations on the 
Altona-Ohlsdorf section and also for the goods yards. The direct-current turbo- 
generator works in conjunction with a battery, and furnishes current at 220 volts 
for driving motors, etc., in the power station. The two converters serve as spares 
for the lighting generator and the direct-current turbo-dynamo. There are three 
separate switchboard equipments corresponding to the above described sets. One 
deals with the single-phase current for working the line, another the alternating 
current used for Ughting purposes, and the third with the direct current used in the 
power house. 

The railway generators are controlled by oil switches, which serve for connecting 
all the main alternators on to a common bus-bar. Oil switches are also used for 
connecting and disconnecting the feeders. From the diagram. Fig. 107, showing the 
general scheme, it will be gathered that those sections of the railway near the power 
house are fed directly from the station bus-bars. It will also be noted that there 
is a 30,000-volt transmission line which runs to a sub-station at Barmbeck. An 
external view of this sub-station is given in Fig. 108. In order to raise the pressure 
to 30,000 volts three 867 kilovolt-ampere single-phase transformers have been put 
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down in the power house. The primary windings are connected to the bus-bars, 
and are therefore fed with current at a pressure of 6,300 volts. These transformers 
supply current at 30,000 volts to the high-tension transmission line. At Barmbeck 
the pressure is again lowered, to G,300 volts and supplied to sections of the overhead 
conductor at the Ohlsdorf end of the railway. The distributing and overhead equip- 
ment was supplied by Siemens-Schuckert, this firm being the contractor for the 
whole of the electrical work connected with the railway. 

It will be seen from the diagram. Fig. 107, that the wiring of the railway 
is divided into five main sections, separated from one another. They are 
marked Spl to Sp5. The first section extends from Blankenese to Gross 
Flottbeck. Section insulators are interposed at each end of the section, and a 
three-fold distribution of the entire section is attained in the manner indicated in 
the diagram. Each of the three parts of this section is supplied with current by a 
wire having a section of 120 sq. mm. Oil switches are connected in circuit with these 



Fio 108.— .Sub-Station at Barmbeck. 

wires as indicated in the diagram, and these serve to switch out either of the three 
conductors in the event of any disturbance on the line rendering such a procedure 
necessary. These switches — which are enclosed in boxes near the point of supply^ 
are fitted with remote control gear so that they can be operated from the power house. 
The second section of the line extends from Gross Flottbeck as far as the section 
insulator behind the Altona station, and the third section from this point to the section 
insulator in front of the Hamburg Central Station. 

An oil switch is interposed in each of the supply conductors, as explained when 
dealing with the first section. The fourth section extends from Hamburg Central Station 
to Hasselbrock, and the fifth section begins at Hasselbrock and ends at Ohlsdorf, From 
the diagram it will be perceived that the last-mentioned section is fed through the trans- 
formers in the sub-station at Barmbeck. Further, it will be noted that the arrange- 
ment of the switch gear and the general system of distribution corresponds to that 
of the first section. In the event of failure of a feeder the faulty conductor is switched 
out of circuit, and the section insulators of the particular section affected are bridged 
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over by horn switches, thuB maintaining the supply. In addition to the section 
insulators for the five sections referred to, similar insulators are interposed in the 
contact wires at both ends of each station. Under normal conditions, however, 
these insulators are bridged across by horn switches, and it is only when it is desired 
to make the station wiring dead that these switches are opened. Horn lighting 
arresters protect the wiring from atmospheric discharges, and these are fixed at eight 
points along the line. Four of the feeders consist of hare copper wires, which are 
carried on bell insulators mounted on the masts which carry the contact line wiring. 
The current is returned to the power house by way of the rails and by conductors 
connected thereto. 

For the purpose of avoiding accidents in the event of a breakage in the trans- 
mission wires, guard net« and other safety devices of a similar nature are used. The 
high-tension lighting wires for supplying current for lighting the stations between 
Altona and Ohlsdorf are also carried on the masts which support the contact wire. 



Fia. IttS. — Automatic Tightening Gear. 

In the oftfle, however, of the 30,000-volt transmission line, which runs from the power 
house to the Barmbeck sub-station, the wires are for the most part carried on special 
lattice-work masts. A considerable length of the transmission line passes over 
agricultural lands. There are two circuits, which are entirely separated from one 
another. One of these can also be used for lighting on the railway, and by operating 
switches in the power house it becomes possible to supply the lighting load through 
the station at Barmbeck. This sub-station is a lour-storey building, and is erected 
near the railway embankment. In the basement there are two electrically driven 
pumps. These supply the water for cooling the transformers, which is pumped from 
a well. 

The switches for controlling the 6,300-volt current are on the ground floor of the 
building, together with the apparatus for protecting the hne against atmospheric 
disturbances. On the first floor there are the switches and transformers for the 
30,000-volt supply, together with the transformers which reduce the pressure just 
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mentioned to 6,300 volts for working the railway. The lightning protective apparatus 
for the 30,000-volt wires is placed on the second floor, together with the distributing 




Fio. 110. — Bracket Arm Conbtmctioii. 



Fio. 111. — Overheftd Constraclion. 



bars for the 6,300-volt current. The switch gear and the measuring apparatus used 
in connection with it are of the same design as those in the power house. In the event 



Fia. 112. — Ovei'head CoDstniction near Bahrenfetd Station. 

of anything happening to the transformers at the Barmbeck sub-station it is possible 
to cut the transformers out of circuit and to feed the fifth section of the railway with 
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6,300-voIt current over the 30,000-volt tranamiaaion lines. For thia purpoae branch 
wirea A, A are provided between the primary and secondary windinga, aa ahown in 
th© diagram, Fig, 107, It will, of course, be understood that these wires can only be 
brought into uae when the tranaformer awitchea are open. ^ 

As regards the overhead equipment, the multiple auapenslon system, as adopted 

by Siemens-Schuckert, is employed. The contact wire ia of hard-drawn copper, and 

has a section of 90 sq. mm., whilat the auxiliary wire is of steel, and has a 

diameter of 6 mm. The suspension wire is made up of aeven strands, and 

has a section of 35 aq. mm. To avoid side movement of the wire the latter 

is held by struts, which are of course insulated from the supporting atructures. 

Although theae struts prevent the wire 

from moving sidewaya, they allow it to 

move freely in the direction of the axis 

of the track. 

The wire is tightened by means of 
weights, which ensure uniform tension at 
all temperatures. One of the automatic 
tighteners is shown in Fig, 109. The 
masts of the section insulators and 
those supporting the tightening gear are 
9 m. apart. Automatic tightening of the 
catenary cablea and auxiliary wirea ia 
not necessary, since, under considerable 
differences of temperature, the tension of 
these is practically unaltered, and, more- 
over, the slight variation of the tension 
of these wires has no influence on the 
contact between the bow on the motor 
coaches and the overhead conductor. 
This form of overhead equipment is 
deacribed more fully elsewhere ; see for 
example the Rotterdam and Schevening 
line. 

On the section from Sternachanze to 
Hamburg, which pasaes through the moat 
beautiful part of Hamburg, ornamental 
Fio. 113.-Method of Suspending Wiree under "^a^ts are used, with a bracket arm which 
Bridge at a Station. spans two tracks. Each mast is con- 

nected to the rails by a tinned copper wire 
of 50 sq. mm. section. The general design of a bracket arm as used for two lines on one 
part of the railway is shown in Fig. 1 10, whilst Fig. Ill shows the design where cross 
supports are used on the section from Barmbeck to Ohlsdorf . The arrangements shown 
in Figs. 110 and HI are employed where there is insufficient room between the lines 
for the erection of a central standard. The arrangement shown in Fig. HI 
presents the advantage that the lighting and power wires can be entirely separated 
from one another. 

On one part of the route, namely, at the Bahrenfeld station, where there are several 
goods hues running side by side, the contact wire is supported by span wires attached 
to standards on either side of the permanent way, as shown in Fig. 112. This 
construction was adopted in order to avoid the expense of the ordinary cross supports. 
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At some station bridges, such as shown in Fig. 113, the contact wire is only about 
5 m. above the rails, and in order to remove the insulators from the direct action of 
the smoke from the steam locomotives the special system of suspension illustrated 
was adopted. Here it will be observed the wires are supported by struts con- 
structed of piping at the ends of which insulators are fixed in the manner shown. 
For bonding the rails two copper wires having a section of 35 sq. mm. are used. No 
high-tension wires are taken into the carriage shed. These are equipped with special 
low-tension wiring, which is 1 m. nearer the rails than the high-tension wires. This 
wiring is worked at a pressure of 300 volts, and is supplied with current from special 
transformers, as indicated on the diagram, Fig. 107. Special current collectors are 
fitted to the motor coaches for collecting the current at this pressure. For the purpose 
of testing sections of the high-tenaion wiring after repairs, etc., special testing coaches 



Fla. 114. — Motor Coach ConDectioua. 

are provided, which are worked with accumulators. The batteries on these coaches 
have a capacity of 183 ampere hours, and supply current to two driving motors. 

Passenger trains on the Blankenese-Hamburg-Ohlsdorf Railway are made up of 
motor and trailer coaches, two such coaches constituting a train unit. Trains made up 
in this way have a maximum of four units, so that altogether there are eight coaches. 
A one-unit train has 124 seats, a two-unit 252, a three-unit 380, and a four-unit 508. 
On the railway proper the current is collected from the overhead wire by a bow current 
collector which is raised and lowered by compressed air. Special precautions had to 
be taken to insulate the collecting gear from the roofs of the motor coaches, owing to the 
exceptionally damp atmosphere which prevails in Hamburg. A diagram of connec- 
tions for one of the motor coaches is given in Fig. 114. Here A is the high-tension 
current collector, B the low-tension collector, C the choking coil for lightning pro- 
tection, D the 6300 and 300-volt switches, E the earthing switch, F a current 
transformer, / a high-tension current release. 

It will be gathered that there are two groups of contactors. Those in one set are 
marked 1 to 5 and those in the other group A,, wtj, hi, ma. The contactors mi and vi^ 
are termed the main contactors, and, as will be seen from the diagram, are in the main 
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motor circuit. Contactors Ai and' Aa, on the other hand, are auxiliary contactors, 
and are connected to the auxiliary windings of the motors. The contactors marked 
1 to 5 connect up different tappings on the secondary side of the transformer, whilst 
the other contactors join up the armature and field windings of the motors. Further, 
it will be observed that there ia a reactance coil at H which serves to prevent the 
motor circuit being broken when the con- 
tactors alter the transformer connections. 
Careful inspection of the wiring of the 
contactors 1 to 5 will make this point 
clear. 

It has been explained that there are 

two current collectors, one for the low- 

tenaion current in the coach shed, and the 

other for the high-tension current derived 

from the outside trolley wire. These two 

voltages, however, do not involve the use 

of two transformers or the provision of 

additional windings on the coil of the 

Fio. llo.-Trenrfornier. ordinary transformer, since when the 

motor coaches are working at 300 volts the 

current passes into the secondary of the transformer T, and under these conditions it 

is obvious that the secondary winding acts as the winding of an auto-transformer. 

It is unnecessary to consider every detail on the diagram of connections for the 
motor coaches, since the functions of most of the switches and other apparatus are 
obvious. It m^y be mentioned, however, that the main driving motors are shown at 
Ml and Ma, and the reversing switch at N. P is the air pump motor, R the lamps for 
lighting the coach, S the switch for the heating apparatus, ¥ the coupHng for connecting 



Flo. 116. — Group of Contactors. 
up the controller leads with other motor coaches on the train, Q the compressed 
air governor, and Si fuses. A main transformer as used on the motor coaches is 
shown in Fig. 115, and a group of contactors in Fig. 116. 

The coach shed is at the end of the Hasselbrock-Ohlsdorf section of the railway, 
and near the Ohlsdorf Station. The workshops are also situated at this point. 
Seventy-eight coaches can be sheltered in the shed, and the coaches enter at one 
end of the shed and leave at the opposite end. An electrically-operated jacking 
arrangement has been erected in the shed for lifting the coaches. 



THE DESSAU-BITTERFELD RAILWAY 

In the early part of 1911 an electric locomotive ran for the first time on a 
German main line, namely, on the track from Dessau to Bitterfeld. This experiment 
proved so satisfactory that the Prussian State Railway authorities decided to extend 
the system at one end, through Leipzig to Halle, and at the other end as far as 
Magdeburg, and also to electrify a new experimental section from Lauban to Konigszelt. 
Passenger and goods carriages must be capable of passing from one railway to another, 
and for this and other reasons electric locomotives are being employed. 

Electric locomotives possess important advantages. It is possible to use large 
motors which can be placed in a high position and carried on springs, thus obviating 
troubles arising from a low centre of gravity. Another important feature is that 
owing to the small number of motors and their accessible position the equipment 
can easily be inspected. The Prussian State Railway authorities specified that all 
electric locomotives should be provided with one or two open-type motors, placed 
high up in the locomotive body, and that the power should be transmitted to the 
wheels through cranks on to a jack shaft, and thence through the side rods to the 
driving wheels. The design of the motors and other electrical equipment was left 
entirely to the various manufacturing firms concerned. 

The Dessau-Bitterfeld line constitutes the central section of the 118 km. of 
track between Magdeburg and Leipsig, to which places, as stated above, the electric 
service is to be extended. With a view to obtain the requisite cooling water for 
condensing purposes, the power station for the electrified lines has been erected 
on the river Mulde, and in the neighbourhood of Bitterfeld. Current is generated 
at a pressure of 3,000 volts and at a periodicity of 15 cycles per second. This pressure, 
however, is raised to 60,000 volts with the aid of oil-cooled transformers, and the 
current is transmitted at this voltage to a sub-station. This high-tension transmission 
is carried out by means of cables, and up to the present they have worked perfectly 
satisfactorily At the time of writing good progress is being made with the conversion 
of the railway between Magdeburg, Leipsig and Halle, and it is expected the line will 
be ready for traffic under the new conditions before the summer of 1914. The trials on 
the converted section are to be extended with the view to gaining further experience, 
and also training the staff. The working pressure, it is reported, is being increased 
from 10,000 to 15,000 volts, and the distance between the gantries supporting the over- 
head work extended from 245 ft. to 328 ft., an arrangement which will not only enable 
the signals to be seen more clearly, but will reduce the cost of porcelain insulators. 
Work on the new plant at the Muldenstein power station is well advanced. The 
new generating plant will comprise seven turbo-alternator sets, of which four, each 
of 4,000 kw. capacity, will supply current for the line. The electrical energy will be 
transmitted as single-phase alternating current at a voltage of 60,000 to three trans- 
former stations located at Wahren, Marke and Grommem, the latter being the 
maximum distance (44 miles) away. The length of the section is about 94 miles, 
representing a total of, approximately, 310 miles of track. Automatic oil switches 
with maximum current releases are used for switching in the cables and transmission 
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lines at the power station, and they are operated from the switchboard with electric 
remote control. The current enters the sub-station for the Deseau-Bitterfeld hues at a 

pressure of 60,000 volts, and is trans- 
formed down by means of air-cooled 
transformers. Here, again, remote 
control switch gear is employed, the 
main switches being of the oil-brake 
type and fitted with maximum 
current releases. In the power 
station the automatic switches are 
fitted with time-limit attachments. 

The Dessau-Bitterfeld line (see 
map. Fig. 117) is 27 km. long and 
has a double track. In all there are 
six intermediate stations, namely, 
Greppin Dorf, Greppin Werke, Jess- 
nitz, Raguhn, Marke, and Heideburg. 
The most extensive track arrange- 
ments are to be found at Greppin 
Werke, Jessnitz, and Raguhn 
stations. The whole of the track 
from Dessau to Bitterteld is at 
present fed du^ctly from the single 
sub-station, but for the purpose of the extensions feeders will run along the structures 
supporting the overhead wire to the other sub-stations under construction. The erec- 
tion of the overhead line at the Bitterfeld station and at Greppm Dorf , Greppin Werke, 




Fig. 117. — Map of the Desaau-Bitterfeld Kailway. 



Fio. 118. — Overhead Equipment on Open Track. 
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Jessnitz, and Raguhn stations, together with the tracli between these stations, was 
entrusted to the Ailgemeine Elektricittits Gesellechaft. The overhead line is constructed 
with single eatenarj' suspension, the wire which carries the current being suspended at 
distances of 6 m. by vertical dropper wires from a steei wire rope stretched in the 
form of a catenary. Iron gantries support the line, and they are placed about 75 m. 
apart. In the majority of instances ordinary U girders are fixed to the standards 
erected on either side of the track. 

A view of the overhead construction as adopted for straightforward open track 
is given in Fig. 1 18. When the spans are great, however, the cross girders are stiffened 
by tie-rods as shown in Fig. 119. Another system adopted for long spans is shown 
in Fig. 120. In the ease of this latter illustration the gantries span seven tracks, 
and are 70 m. long. An advantage of this arrangement is that it is possible to use a 
small number of standards, and in addition it presents a good appearance. The 



Fio. U9. — Overhead Construction at Jessnitz Station. 

overhead Une is divided at distances of about 1,000 m., and in the centre of these 
the line is fixed, whilst at the two ends it is stretched by automatic tightening devices, 
so that the separate wires are under approximately the same tension at all 
temperatures. 

The overhead wires are assembled together at the sides of the tretcks and put 
into place afterwards. There is therefore no necessity to block the line whilst the 
overhead equipment is being erected. At stations, however, it is of course practically 
impossible to complete the work at the side of each track ; but as there are generally 
several tracks, one can easily be blocked, and when the work has been completed it 
can be opened again and another blocked. In Fig. 121, A is the strain wire, B the 
parabolical suspension wire, C the conductor, H vertical droppers, KK' clutches, 
W a loop formed by the wires A and B passing below the cross girder, and F a flexible 
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wire to which insulators S and S' are attached. This latter wire conneeta the 
clutches K and K' and transfers the strain from one side of the support to the other. 



Fio. 120. — Overhead Construction at Bitterfeld StatioD. 

because the loop W hangs loosely. The flexible wire F is insulated by the insulators 
S and S', and it rests on the insulator D on the cross support. Galvanised clamps, as 
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Fig. 121. — Details of Orerhead Conatruclion. 

shown in the lower part of Fig. 121, are used to join the wires where"neces8My. It 
will be perceived that the strain wire A is provided to insure a regular stretch on the 
parabolical carrying wire over the whole length of a section from one pair of weights 
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to the other pair at the ends of the same section. The strain wire has very little sag. 
As the illustration, Fig. 121, shows, the clutches K and K' join the strain wire and the 
paraboUcal suspension wire together at each suspension point on the cross support, 
transferring their strain to the flexible wire F. The loops formed under the girder 
by the two first mentioned wires are necessary in case it is desired to regulate the wires- 
after they have been erected. When the temperature increases, the carrying wire R 
expands, thus increasing the sag and decreasing the strain. The strain wire A expands 
about the same amount, since it is made of the same material. Therefore its strain, 
also decreases, and as it has very Uttle sag its strain decreases considerably more than 
that of the other wire B. The weights at either end exert a constant strain, and 
thus stretch both wires until the stress is balanced and the drops remain exactly 
the same as before, since for a given constant strain there is always a constant sag^ 
The above also applies to the contact wire, as this is also connected to the weights 
at the ends of the sections. Other details of the overhead construction are given in 
Fig. 122. Stays of steel tubing are employed for fixing the contact wire laterally. 
On this steel tubing a contact wire clamp is mounted, which 
serves for holding the contact wire fast. A joint is pro- 
vided at the opposite end of the steel tubing, and this allows 
the latter to turn in a vertical direction. 

The stay joint is mounted on a cap cemented to the 
bell insulator, and has play, so that within certain limits 
the stay can also turn horizontally, corresponding to the 
longitudinal movement of the contact wir«. For the purpose 
of ensuring uniform wear of the locomotive bows the over- 
head line is erected in zig-zag fashion, the suspension points 
each deviating about 60 cm. from the centre line of the 
track. The hard-drawn copper wire, which has a circular 
section, is provided with two side grooves, in which the line 
clamps can grip, as shown in Fig. 122. In the case of the 
main line the sectional area of the overhead conductor is 
110 sq. mm., whereas the conductor used for the sidings 
only has a sectional area of 70 sq. mm. Galvanised steel 
rope with a section of 42 sq. mm., and consisting of seven 
separate wires, is used for the wire A. The wire B consists 

of seven separate galvanised wires, and has a section of about 20 sq. mm. For the- 
vertical droppers steel wire 3 mm. in diameter is used. To allow the contact wire to 
rise sUghtly as the collector bow passes over it and without bending the suspension 
wires, the latter are provided with a loop at the lower end, which allows the contact- 
wire to have a free vertical movement of about 5 cm. Pressed brass clamps grip 
the contact wire in the manner shown in Fig. 122. 

The construction of the automatic tightening devices will be understood by^ 
reference to Fig. 123. It will be seen that the sections which come together are 
extended past one another for a distance of one span, and are connected to weights, 
which provide the necessary tension as explained. Fig. 123 shows that the weights 
run in guides, which are mounted on the lower part of the masts. These anchoring, 
masts are constructed of heavy angle iron. In the middle of the span the two ends 
of the adjoining sections, which overlap, are connected to each other in such a manner 
that satisfactory current collection can be secured when the bow gUdes from one 
section to the other. This will be clear on referring to Fig. 123. 

Naturally the track is divided into sections, which can be switched out whea 




Contact Wire Clamp. 

Fig. 122.— Details of Over- 
head Construction. 
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req^uired, bo that on the ocourrence of a breakdown it is not necessary to switch the 
current off the whole line. At a section division the arrangement of the contact 
line is the same in principle ae a tightening section, but in this case the two adjoining 
sections are not connected in the middle of the span, but are suspended separately 
on a special light support, which is termed a section isolating gantry. On the masts 
of this support horn switches are mounted, to which the contact wires which overlap 
are connected. Under ordinary conditions these switches are closed, and are only 
opened in the case of emergency, so that the sections behind them are cut out of 
circuit. These switches are to be seen at the aides of the masts in Fig. 124. They 
have double insulation, and are operated by a winch placed at the side of the mast. 
Under ordinary working conditions the two main tracks are completely separated 



Fig. 123. — Wire-tightening Poata. 

irom one another electrically. But switches are provided which can connect any 
two sections of the main tracks together. Normally these switches are open. 

The contact lines over the station sidings are connected to the main lines at the 
stations, and special arrangements are provided for isolating the contact wire over the 
loading tracks. These lines can only be energised after a warning signal has been 
given, and these signals are automatically operated by the line switch in such a 
manner that the line can only be subjected to the pressure after a certain interval 
has elapsed. The switch is actuated by a crank mechanism and two contact devices, 
one of which is connected to a signal bell, whilst the other feeds a lamp circuit. 
Matters are so arranged that the switch does not work until a period of about thirty 
seconds has elapsed from the time the crank was first operated. During these thirty 
seconds the bell rings, and at the same time the lamps placed on the masts adjoining 
the loading tracks light up. The lamps remain alight so long as the contact wire 
is under pressure. 
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At the Bitterfeld station the contact lines of the different tracks are arranged in 
four groups, which may be interconnected in such a manner that on the occurrence 
of a breakdown in one group the others are not affected. All curves on the open 
track have a large radius, so that with the distance adopted between masts, i.e., 
75 km., no special arrangements are necessary to make the contact wire follow the 
track. But at the stations a number of " puU-offs " had to be provided. At these 
points the contact hne is anchored by means of a special light mast erected on the 
inner side of the curve. Fig. 120 shows a curve of this kind with three tracks at the 
Bitterfeld station. At the north end of this station there is a bridge, and at this 
point there is only a distance of 4'83 m. between the lower side of the bridge and 
the upper edge of the rails. Considerable difficulty was experienced at this point, 
and the overhead line could not be laid over the centre of the track. The difficulty 



Fin. 124. — Section Diviaion on Main Line. 

was overcome by using two contact wires over each track in the manner shown in 
Fig. 125. Owing to the shape of the bow this enables the necessary clearance to 
be obtained. This arrangement necessitates the use of a current collector 2,400 mm. 
wide. It is at this point where the Bitterfeld station can be cut off from the open 
track, and, owing to this, the two inner wires from the open track are anchored to a 
maet erected between the two incoming tracks on one side of the bridge, whilst the 
two outer contact wires from the station are supported by special anchoring masts 
on the other side of the bridge. 

The full line pressure is used inside the locomotive shed, and this, of course, 
necessitates special precautions. Four overhead lines are used in the shed, and a 
switch for each of them is fitted on the shed roof. These lines can only be energised 
after warning signals have been given. An illuminated sign is suspended over each 
of the tracks, and these light up separately when the switches belonging to different 
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Fio, I26.^AiTaiigeineiit of Overhead Lines at BndgA 

tracks are closed, and a signal bell also rings at the same instant. When one of these 

switches is opened, it automatically earths the contact line to which it belongs. It 

is also possible to disconnect and earth 

the lines over the tumtabJe shown in 

Fig. 126, outside the shed. 

From this it will be gathered that 
an angle iron ring is suspended over the 
centre of the turntable, and that the 
various overhead wires terminate in this 
ring. This arrangement permits any 
desired number of shed tracks to be 
provided with contact lines, according 
to requirements. The current returns 
by way of the rails, which are connected 
together by means of copper bonds and 
cross-connections. The contact lines for 
the two tracks are connected up separately 
to the sub-etation with the aid of bare 
copper conductors. They are switched 
j in with the aid of oil switches placed in 
I the sub-station. Galvanised stranded 
copper cables connect the rails with 

Fio. 126.-Arrangen.ent of Wires at a Tu.Titable. '^''0 Other pole of the supply syBtem. 
The lightning arresters provided for 
protection against excess pressures are adjusted to operate at a pressure of about 
15,000 volts. 
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There are two distinct types of locomotives — one for goods and the other for 
passenger service. It is possible, however, that when the electric system is extended 
to Magdeburg and Halle it may be found advisable to deal with the local traffic by 
means of motor coaches. The express passenger locomotives built by the A.E.G. 
Company have an axle arrangement corresponding to that of the well-known 
" Atlantic " type of steam locomotive. As will be seen from the illustrations. Figs. 127 
and 128, the two leading axles are combined in a two-axle bogie truck. The total 
length of the 2 B I express passenger locomotive is 12'5 m. over buffers, the 
£xed wheel base 3 m., and the guided length 6 m. When the locomotive is 



Fig. 129. — Locomotive -ConnectionB. 

running at its maximum speed, viz., 110 km., or, say, 69 miles per hour, the driving 
wheels revolve at about 400 revolutions per minute. 

Two driving axles are driven from a crank on the motor. The latter is mounted 
high up in the locomotive body, in accordance with specifications issued by the 
Prussian State Railway authorities. This parallel crank drive permits of an almost 
perfect balance being obtained, so that the locomotive runs smoothly at the highest 
speeds. The driving rods work vertically. 

To obtain a permanent parallel position of the motor with respect to the inter- 
mediate crank or jack shaft, a cast steel connecting piece is mounted between the two 
shafts. It is rigidly bolted to the frame and surrounds the crank shaft on the one side 
and the motor shaft on the other. The intermediate crank shaft bearing is constructed 
in four parts, which may be adjusted both vertically and horizontally by means of 
wedges. 
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An intereBting feature connected with these bearings is that a safety device is 
provided in the form of a fusible plug which is placed in the bearing and connected 
^th the compressed air accumulator. An alarm whistle is also connected up with 
the bearing, so that in the event of the latter warming up and the fusible metal melting, 
•compressed air is supplied to the whistle and the driver is warned before any damage 
arises. A single-phase commutator motor having an hourly rating of about 1,000 h.p. 
is used for propelling the locomotive. 

The casing of the motor is fixed to two strong cross girders of the locomotive 
frame, and can be accurately adjusted by means of wedges and pressure screws. The 
motor is of the open type, and the design is such that easy access may be obtained 
to the commutator and brushes. The motor bearings as well as the intermediate 
•crank shaft are oiled by a drip lubricator. From the diagram of connections, 
Fig. 129, it will be gathered that regulation of the tractive force and speed is effected 
l)y an ordinary contactor control system. Current is collected from the overhead 
wire by means of two current collectors. From these it passes to a choking coil, 
which protects the motor and other apparatus against excessive pressures, and after 
having passed through this coil it is conducted to the main oil switch. The latter 
is fitted with auxiliary and main contacts. From the oil switch the current passes 
to the high-tension winding of the main transformer and from the latter through a 
<5urrent transformer to earth. 

The different transformer voltages are obtained by means of the contactors 
A, B, C, D, E, F, G, H, whilst the circuit is broken by the remaining four contactors 
<5onnected in parallel, in two pairs. From any particular tapping on the secondary 
of the transformer the current passes from the corresponding contactor to the 
reversing switch, which reverses the current in the main exciting winding of the main 
motor, this reversal of current reversing the direction of rotation of the main motor. 
It next passes through the armature of the motor and the compensating winding, 
and then through the two contactors K and L to the other end of the secondary of 
the main transformer. 

In addition to the main transformer a *' voltage divider" Sp T is provided, 
which also has a number of tappings, and by means of these the ratio between 
armature and stator voltages can be adjusted to suit different speeds. The main 
•controller which regulates the tractive effort and speed is to be seen in the middle 
of the diagram. It will be perceived that this controller has two separate drums 
which can be revolved independently of one another. The upper drum regulates the 
tractive force and the lower drum adjusts the voltage from the "divider" 8pT 
so as to secure satisfactory commutation. 

Both these drums are actuated by the controlling hand wheels in the driver's 
compartments. Positions corresponding to various speeds are marked on the lower 
hand wheel, so that the driver can easily adjust the latter to the correct position in 
accordance with the speed indicator. At starting, the armature of the motor is 
short-circuited by means of a throw-over switch operated by the compressed air 
-cock, but after a certain speed has been reached the armature is connected in series 
with the stator winding. Another interesting feature is the oil switch release, 
which is operated by the brake and prevents the switch being closed when the 
brake is on. There is also a press button for releasing the oil switch from the 
driver's cabin. The controlling current for the contactors is supplied from some 
independent turns of the main transformer. 

The contactor chamber adjoins the machine compartment, and is so arranged 
that the main contacts are accessible from the side gangways of the locomotive. 
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whilst the auxiliary contacts may be reached from the motor compartment. The 
master controller stands in the centre of the contactor chamber, the reversing 
controller and the throw-over switch for connecting up the armature when starting 
up being placed under the contactor equipment. 

It will be seen from the illustrations of the express passenger locomotives, 
Figs. 127 and 128, that two pantograph current collectors are employed for collecting 
the current from the overhead wire. These work in ball bearings, so that they can 
easily follow any alteration in the height of the contact line. 



FlC. 130. — Interior ot A. E.G. Express liocomotive. 

At first current collectors of the bow type were used, but at high speeds they 
were found unsatisfactory. It was not possible to counteract the effect of the heavy 
wind pressure. The collectors now used, however, are said to have proved quite 
satisfactory. A side view of the motor is shown in Fig, 130. Fig. ISl shows the 
interior of the driver's compartment. The two controlling hand wheels are clearly 
visible. The speed indicator is to be seen just above the upper hand wheel, 
and above this the voltmeters and ammeters are placed. On the right of the 
controller, the brake valve is situated, and on the left the handle for the 
E.B. I 
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compressed air sand distributor, and at the side of this the switch for operating the 
air pump. The handle for admitting compressed air to the whistle is placed in 
front of the window, and the two pressm^ gauges for the compressed air brake 
are mounted close to it. A lamp for lighting the driver's cabin is suspended from 
the roof. 

Testa made at Bitterfeld indicated that these looomotires are capable of develop- 
ing a maximum tractive eflEort at starting of 9,500 kilos. The average starting 



FlQ. 131, — Driver's Compartment on A.E.O. Expresa Locomotive. 

acceleration with a train weighing 280 tons was '19 m. per second per second, 
this being better than the guaranteed value, viz., 15 m. per second per second. To 
arrive at the efficiency a number of trial trips were carried out. Seven journeyB with 
short intervals between were made from Bitterfeld and Dessau and back with a 
train weighing 250 torn. On one journey, from whith the hourly rating was 
determined, the weight of the train was 350 tons. With an external temperature 
of 20° C, the maximum temperature of the motor was 70° C. at the end of the seven 
journeys, notwithstanding the fact that a considerable number of starts had to be 
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made, which had not been allowed 
for. The illustration. Fig. 132, 
shows a group of A. E.G. electric 
locomotives as used on this rail- 
way. The locomotive to be seen 
on the left is for goods service. 

The goods locomotives con- 
structed by the A.E.G, Company 
are capable of running at a 
maximum speed of 70 km., or, 
say, forty -four miles per hour. As 
will be seen from the illustration. 
Fig. 133, the axle arrangement is 
entirely different to that of the 
passenger locomotives, the whole 
weight in this instance being 
used for adhesion. Measured over 
the buffers, the total length is 
lO'S m., whilst the total length 
of the wheel base is 48 m. The 
driving wheels are r05 m. in 
diameter. The locomotive shown 
in Fig. 133 is capable of develop- 
ing a maximum tractive effort 
of approximately 10,000 kilos., 
measured on the periphery of the 
driving wheel. Like the express 
passenger locomotive, the engine 
under consideration is fitted with 
a compressed air brake of the 
Knorr type, and also a hand 
brake. It will be gathered that 
the system of driving corresponds 
to that of the express passenger 
locomotives. But in this case the 
motor is not placed directly over 
the intermediate shaft. It is fixed 
so that the driving rods are at an 
angle of 45 degrees with respect 
to the base of the locomotive. 
This arrangement produces a 
much more favourable distribu- 
tion of stresses on the inter- 
mediate or jack shaft. 

The two cranks on the inter- 
mediate shaft are set at an angle 
of 90 degrees with respect to one 
another, and a rigid connection 
is obtained between the motor 
shaft and the intermediate crank 
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shaft by the use of a steel casting, which ia bolted to the frame. The intermediate 
crank shaft, motor bearings, and the other parts of the driving mechanism, correspond 
to those on the express locomotives. 

An alternating-current commutator motor, having an hourly rating of 800 h.p., 
is used for propelling the locomotive. A side view of the motor is given in Fig. 134. 
So far as the external appearance is concerned, the motor closely resembles those used 
in the express passenger locomotives. But in the case of this goods locomotive a 
different method of controlling the motor has been adopted. The speed is varied 
partly by shifting the brushes, and the direction of rotation is determined by the 
direction in which the brushes are displaced from the neutral axis. In addition to 
varying the speed by brush displacement, however, the motor's voltage is changed 
by the same method as that adopted in the locomotives previously described, namely, 



Fig. 133. — A.E.G. Goods Locomotive. 

by altering the ratio of the primary and secondary voltages of the main transformer. 
Tappings are brought out from the secondary winding for this purpose. Moreover, 
in accordance with the practice adopted on the passenger locomotive, a second 
transformer is used, which is connected as a step transformer, and enables the ratio 
of the voltages in the armature winding and the compensating winding to be regulated. 
The arrangement of the high and low tension auxiliary circuits for lighting and the 
compressed air motor corresponds to that of the express passenger locomotive. 

At each end of the engine is a driver's compartment, which contains 
the apparatus for controlling the motors. To enable shunting operations to be 
carried out with ease a controller with two hand wheels is placed at each side of the 
driver's cabin. Fig. 135 gives a view of one of the driver's compartments of a goods 
locomotive. Indicating devices are connected with the controlling gear, and mounted 
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above the controlling wheels in the manner shown in the illustration. The upper 
indicator gives the brush position, and the lower indicator the power the motor 
is developing. This locomotive has a transformer room, which adjoins one of 
the driver's compartments, and in this the main transformer is placed. A wide 
passage has been provided on each side of the transformer pit, so that access may 
be obtained to the machine compartment. The latter merely contains the main driving 
motor, the main controller, and the motor for driving the compressor. All the cables 
between the transformer controller and main motor have been made as short as possible. 
The method of supporting the motor is very similar to that adopted in the passenger 
locomotives. The lubrication of the bearings is also carried out on similar lines. 

Since speed variation is partly efEected by shifting the brushes, it is clear that 
the controlling gear differs somewhat 
from that already described. The brush 
shifting la effected by means of a screwed 
rod, which is controlled from the driver's 
cabins, and in order to enable the brush 
rocker to move with a minimum amount 
of friction the latter is mounted on 
rollers, so that it can turn freely. The 
rollers on which the brush rocker turns 
are visible in the illustration, Fig. 134. 
Although the locomotives now under 
consideration have been designed for 
goods service, they have also been 
employed for passenger trains. Owing 
to the high starting torque which the 
motors develop, the acceleration is very 
rapid, so that, in spite of the lower 
maximum speed, no difficulty has been 
experienced in running these locomotives 
in conjunction with those designed for 
passenger service and in maintaining the 
schedule speeds. 

Besides these goods and passenger 
locomotives, the A.E.G. Company has 

also constructed another special type to Fio. 134. — 800 h.p. Motor for Goods Lotumotive. 
the order of the Prussian State Railway 

authorities. This is intended tor heavy train service and for use on steep gradients, 
similar, for example, to those which exist on the Lauban-Konigszelt line in Silesia, which 
at the time of writing is being electrified. This locomotive is designed for haulmg 
express trains at speeds up to 110 km., or, say, sixty-nine miles per hour, and heavy 
goods trains at lower speeds. In this l.D.l. locomotive the first running axle is 
combined with the second axle, which is a driving axle, and the next driving axle 
with the second running axle, so as to form bogie trucks of the Krauss Helmholtz 
type. This arrangement is said to enable the locomotive to negotiate curves with 
great ease. The locomotive is equipped with two motors, each of which has an hourly 
rating of 900 h.p., and gives a maximum tractive force of 10,500 kilos. Power is 
transmitted to both workmg axles by means of a crank drive, both motors working 
on to an independent jack shaft supported between the two centre driving axles. As 
in the case of the locomotive just described, the driving-rods are inclined at an angle 
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of 45 degrees with respect to the base of the locomotive. This arrangement enables 
the stresses on the intermediate crank shafts to be favourably distributed. In this 
instance, an induction regulator is used for controlling the pressure at the motor 
terminals, as in the case of the Siemens locomotives, described below. The armature 
Tolt'age is regulated in accordance with the method already described, and two 
hand wheels are provided in the driver's compartments for pressure r^ulating 
purposes. 

The motors are placed near the centre of the locomotive, and the transformer 
is fixed between them. To enable the transformer to be properly ventilated it is 



Fio. 133. — Drivev's Compaitment in Goods Locomotive. 

raised a few inches above the base of the locomotive. The induction regulator is 
placed near one of the driver's cabins. Near the other driver's cabin the motor-driven 
air compressor is placed, and also a boiler which provides steam for heating the carriages. 
Owing to the fact that the carriages are also used on other lines where steam loco- 
motives are employed, steam heating must be adopted. The boiler is heated by 
means of resistance coils through which current passes. A supply of water for use 
in the boiler is carried in tanks, and this is automatically fed into the boiler as 
occasion demands. Sufficient water is carried for a four hours journey. The following 
are the principal dimensions of the locomotive: — Length over buffers, 141 m. ; 
length of wheel base, 97 m. ; diameter of driving wheels, 1*5 m. ; diameter of 
other wheels, 1 m. The weight on each driving wheel is 16 tons, and the total 
weight for adhesion, 64 tons. The maximum speed is 110 km., or, say, sixty-eight 
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miles per hour. Since there are two motors each capable of developing 900 h.p.; 
the total power available for propulsion is 1,800 h.p. The mechanical portion of this 
locomotive was constructed by Kraus & Co., of Munich. 

A Siemens-Schuckert locomotive is shown in Fig. 136, and the same engine 
hauling a train in Fig. 137. It is designed for passenger service and is capable of 
hauling a train weighing 370 tons continuously at a speed of 70 km. per hour, its 
maximum speed being 130 km. per hour. It will be gathered that the locomotive 
has two coupled driving axles, and that the two leading axles are combined in a 
two-axle bogie truck. The fixed wheel base is 3 m. — say, 9 ft. 11 in. — and the total 



Fia. 136. — Siemaug-Schuckert Paaecnger Locomotive. 

length of the locomotive over the buffers is 12 5 m. — say, 41 ft. When ready for 
service the locomotive weighs 73-5 tons, and 45-5 tons of this is accounted for by 
the electrical equipment. The weight on each driving axle is 16-4 tons, and that 
on the bogie axles 13 tons. The weight on the rear axle is 14-7 tons. Thus the 
weight for adhesion is 32-8 tons. 

In view of the high speeds at which the locomotive travels the mechanical portion 
has been made very strong. The 30 mm. frame plates are stiffened with numerous 
cross struts, and where the heavy electrical equipment is placed by cross pieces of 
cast steel. The springs of the driving axles are connected to one another by a system 
of levers, and the springs of the rear guiding or pony axle with those of the adjacent 
axle by horizontal equalising levers. Westinghouse quick-brake equipment has been 
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adopted, and this acts on all the axles of the locomotive, the driving axles being braked 
on both sides and the other axles on one side. 

i'or propelling the locomotive a Siemens-Schuckert single-phase series compensated 
motor is employed, similar to that shown in Fig. 138. This machine does not belong to- 
the locomotive now under consideration, but to another which will be described later. 
It serves, however, to show the general appearance of the single-phase motors as used 
on these high-speed locomotives. 

A claim made for this type of railway motor is that in comparison with other 
machines of the same cla&s it is capable of giving a greater output for the same extemaf 



Fio. I3K.— Siemens-Schuckert Single.rhase Motor. 

diameter. The stator is built in two halves, and the upper half can be lifted oH, and 
the armature can therefore easily be inspected. Owing to the fact that the ring 
carrying the brushes can be revolved in the stator casing, the lower brushes can be 
turned round to the upper part of the machine so that the brushes can be con- 
veniently handled. A hand wheel and toothed gearing are provided tor the 
purpose of shiftmg the brushes in a similar manner to that usual with large multipolar 
dynamos. Reversing switches are to be seen at (he side. 

Prom the diagram of connections. Fig. 139, it will be seen that the cunent for 
driving the motor is taken from the secondary winding of the main transformer in 
accordance with the usual practice. The primary of this transformer is connected to 
the current collectors and earth. For the purpose of controlling the motor the second- 
ary winding of the transformer is divided into five sections, as shown in the diagram. 
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But to obtain a gradual and perfectly uniform variation in the voltage supplied to 
the motor, an induction regulator is employed which is connected in series with the 
various tappings by means of contactors. This is an ingenious arrangement, which 
provides a convenient means of gradually increasing and diminishing the motor's 
voltage. 

It is of course possible to make an induction regulator assist or oppose the main 
pressure. For example, if one of these regulators be connected in series with a feeder, 
there is one position of the movable member of the regulator which gives no boost. 
By turning the movable member through a certain angle the voltage of the regulator 
rises and ultimately a maximum boost is obtained. Further movement of the rotating 
element will reduce the boosting pressure, and continued movement through a certain 
angle brings the boost to zero. Similarly, the boostmg voltage can be made to attain 



Fio. 139. — ConiiectionH for Siemens-Sthuckeit Passenger Locomotive. 

a maximum value in the opposite direction by turning the movable element so as to 
complete the circle. 

Now, from the diagram, Fig, 139, it can be seen that the first tapping I of the secondary 
of the main transformer runs direct to an intermediate point on the auxiliary exciting 
winding of the main motor, but the circuit may be broken by means of the auxiliary 
exciting winding contactor. But if we trace the other leads, II, III, IV and V, of 
the secondary winding of the main transformer, it will be found that each of these 
■can be connected in series with the induction regulator by means of the main contactors. 
With regard to tapping II of the main transformer, it will be seen that this runs to the 
primary winding of the induction regulator, so that the latter is energised with a voltage 
corresponding to that across the two first stages of the secondary winding of the main 
transformer. Still confining our attention to the secondary lead II, it will be noted 
that when the main contactor Hi closes, the current flows to the motor through the 
secondary winding of the induction regulator. It will also be seen that the lead leading 
to the motor is connected to the middle point of this winding. 

Now, if when the contactor H, be closed the voltage of the induction regulator is 
nil, the pressure applied to the main motor would be that corresponding to tappings I 
and II, but matters are so arranged that at this instant the induction regulator is 
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producing between the middle point and one end of the secondary a pressure equal 
to half that across a secondary stage of the main transformer, and the direction of this 
pressure is such that it opposes the pressure due to the main transformer. Thus, at 
the instant when the contactor Hi closes, the voltage applied to the terminals of the 
main motor is only equal to half that across the tappings in use. 

The induction regulator is worked by a small single-phase motor. This is also 
geared to a revolving switch which supplies current to the main contactors one 
after the other. The connections between the main controller and this revolving 
switch are not easy to follow, but it can be seen that the contacts 1, 2, 3 and 4 
on the revolving switch drum switch on and cut oflf current to the contactors 
Hi to H4, and that when the revolving switch turns in one direction the contactors 
will operate in the order 1 to 4, and when it turns in the opposite direction in the 
order 4 to 1. The other contacts on the revolving drum are connected up to the main 
controller. 

When the driver moves the latter into the running position current flows through 
the top contacts of the revolving switch to the small single-phase motor, which serves 
to turn this switch and the induction regulator, the induction regulator and revolving 
switch being geared together. We have seen that at the instant when the contactor 
Hi closes the induction regulator is developing a voltage equivalent to half that between 
the transformer tappings I, II. and that this voltage opposes that due to the trans- 
former. But as the moving element of the induction regulator revolves its voltage 
is reduced and the pressure at the motor terminals therefore rises. When the movable 
member of the induction regulator is in a position which gives zero voltage, the pressure 
across the motor terminals is that between the secondary leads in use, since under 
those conditions the induction regulator is giving no opposing voltage. Further 
movement of the revolving element of the induction regulator causes the latter to build 
up a voltage in the opposite direction, so that the pressure of the induction regulator 
is now added to that between the secondary leads, and this voltage goes on increasing 
steadily until the voltage across the motor terminals rises to a value corresponding to 
one and a half that across a secondary stage, the extra or half stage pressure being 
supplied by the induction regulator. At this instant contactor Ha closes and con- 
tactor Hi opens, because the revolving switch above the induction regulator has now 
moved through the distance X, and consequently contactor Ha is energised and 
contactor Hi de-energised. 

From the diagram it will now be seen that the transformer tapping III is now 
connected in series with the induction regulator. Since at the instant when contactor 
Ha closed the induction regulator was developing a pressure corresponding to that 
across half a secondary stage, it might appear that the closing of contactor Ha gives 
rise to a big jump in the voltage applied to the motor. But it can easily be seen 
that this is not so, for the connections are such that when contactor Ha closes the 
voltage produced by the induction regulator opposes that of the transformer. This 
is evident from the diagram, which shows that contactor H2 is connected to the opposite 
side of the induction regulator to contactor Hi. Thus, at the instant when contactor 
Ha closes and Hi opens, the voltage of the induction regulator opposes that of the 
secondary tapping III. As the movable element of the induction regulator continues 
to turn, the voltage produced by the regulator falls and ultimately drops to zero. It 
then builds up in the opposite direction, and assists the voltage due to the transformer. 

When the pressure across the terminals of the induction regulator has attained 
a maximum value, contactor H2 opens and contactor H3 closes. This process con- 
tinues until contactor H4 closes, when the small motor which actuates the induction 
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regulator and revolving Bwitch is brought to a standstill. When it is required to 
reduce the speed, the motor just referred to is run in the oppoait* direction, and the 
contactors then close in the opposite order and the voltage at the motor terminals is 
gradually reduced. 

It will be gathered that the whole of the speed variation is effected by means of 

the main controller, which has four positions. Two of these are marked " Start " 

and " Stop," whilst the other two positions are indicated by plus and minus signs. 

When the controller handle is turned so that the plus position is reached, the voltage 

at the motor terminals is automatically increased by means of the contactors Hi to 

H4 and the induction regulator, and when the controller handle is turned to the minus 

position the voltage is reduced in the same manner. As soon as the motor is subjected 

to the full voltage, the small controlling 

motor stops, and the same applies when 

the voltage on the main motor is at its 

lowest value. 

For feeding the small motor and the 
various contactors in the circuit, low- 
tension alternating current is used, and 
this is taken from the secondary wind- 
ings of the main transformer. It will be 
gathered that with this arrangement only 
four main contactors are required, and 
that the whole control system is very 
simple. There are two controllers at 
each end of the locomotive ; one is the 
main controller and the other the 
reversing controller. These are grouped 
together in the usual manner. 

From the overhead wire, the current 
passes through both the current col- 
lectors and dividing switches to a choking 
coil, which latter protects the electrical 
equipment from excessive voltages. At 
one end of the choking coil an earthing 
switch is fixed. The current then passes 
through a maximum current relay to the 
Kio. 140.— Driver's Cumpartment. high voltage oil switch, and from there 

it flows through the primary winding of 
the main transformer to earth. It will be gathered that the oil switch can be opened 
from the driver's compartment by pressing a button which completes a circuit through 
a coil associated with the oil switch. 

As regards the secondary circuit, the main connections for this have already been 
referred to. But it may be pointed out that the secondary lead marked II, in addition 
to energising the primary member of the induction regulator, also supplies current to 
the ventilating motor which ventilates the induction regulator, etc., and, in addition, 
this lead carries the current for working the various contactors, as well &s the air pump 
motor on the left of the diagram. The other secondary leads 3, i, and 5 simply supply 
the main motor. 

The main driving motor is placed in the middle of the locomotive, and on the 
front of this the four reversing contactors arc fixed. These leversing contactors are. 
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of course, operated by tneans of the reversing controller handle. The connections for 
these contactors are easily followed from the diagram, and it will be seen that their 
function is to reverse the current in the main and auxiliary windings of the motor. 
To reverse the direction of a series motor, we must either reverse the field or 
armature cotmections, and in the case of this locomotive the leads of the field system 
are reversed. In front of the motor the induction regulator is placed, and the main 
transformer is at the other end of the machine, the transformer being enclosed in a 
metal case. 

The driver's compartment, which is shown in Fig. 140, is shut off from the 
machine compartment and can be electrically heated. From this illustration it will 
be observed that the main controller does not differ in appearance from the ordinary 



Pio. 142. — Connections for Siemens-Schuckert Gooda LocomotiTe. 

traction type. The brake control gear is to be seen on each side of the controller. 
Current and volt meters are placed directly in front of the controller, whilst 
compressed air gauges are shown in the upper part of the illustration. Other instru- 
ments and devices in the driver's compartment include a speed indicator, a pump 
switch, and sanding equipment. The button for opening the main oil switch is to be 
seen just under the current and volt meters. It is to be noted that this is only used 
for opening the main oil switch, and that the switch is closed by means of a lever 
fixed on the side of the wall of the high-tension chamber, and that this lever is 
operated by hand. 

Turning now to the goods locomotive. Fig. 141, this has four coupled axles 
which are driven in a manner similar to that previously described by means of a single- 
phase motor, but in this instance the motor is not situated in the centre of the loco- 
motive, as in the other case. The length of the wheel base in this case is 4'8 m., 
and that of the locomotive over the buffers 10'5 m. The locomotive weighs 64 tons, 



THE DESSAU-BITTERFELD RAILWAY 127 

the mechanical part accounting for 35-5 tons, and the electrical equipment 28-5 tons. 
Each driving axle is loaded with 16 tona. The bearing springs of each two neighbour- 
ing axles are connected together with equaUsing levers. At a speed oi 32 km, — say, 
twenty miles — per hour the locomotive is capable of hauling a weight of 700 ttms, 
including the locomotive, and a weight of 1,400 tons, including the locomotive, at 
25 km. — say, fifteen and a half miles — ^per hour. In the first case the locomotive is 
capable of hauling the weight continuously, and in the second instance for a period 
of one hour. The greatest possible speed is 80 km. — ^fifty miles — per hour. 

Westinghouse quick-brake equipment has been provided. The pressure on the eight 
wheel blocks amounts to 65 per cent, of the weight of the locomotive. Besides the 
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compressed air brake there is a counterweight lever hand brake which can be operated 
at each end of the driver's platform. 

As in the case of the locomotive just described, the control is carried out by means 
of an induction regulator, but in this instance the regulator is only connected in series 
with one of the secondary stages. From an inspection of the diagram, Fig. 142, 
it can be seen that there are only three separate switches in the main motor circuit 
— a switch A for the main motor circuit, another B for the primary of the potential 
regulator, and a third C for the auxiliary winding of the motor. These are pneu- 
matically operated. All the other heavy current switches are opened and closed by 
hand and are revolving switches. 

On each of the driver's platforms there are two controlling levers, one of which 
IB used for changing the direction and the voltage stages of the main transformer, and 
the other for controlling the potential regulator. The latter is done in the three middle 
positions, whilst in the end positions the control lever switches the three switches 
A, B, C on or ofi, as the case may be. This, it is to be observed, is done with compressed 
air. Both levers are bolted opposite one another in such a manner that the induction 
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regulator cannot be controlled until after the direction switch has been adjusted and 
the main switches A, B, C have been closed. The motor shown in Fig. 138 belongs to 
thia locomotive. Aa for the remainder of the electrical equipment, this corresponds to 
that of the passenger locomotive previously described. But it should be mentioned 
that the controlling levers are duplicated, so that the driver can control the locomotive 
from either side, this being an advantage when shunting, since the driver can then 
manipulate the levers when taking a view from either of the side windows. 

We will now pass on to a locomotive constructed by the Bergmann Electrical 
Company, the London ^ents being the Adnil Electric Company, Ltd. This engine, 
shown in Fig, 143, is now in every-day use. The length over the buffers is 12-5 m. 
(41 ft.), the length of the body 10-26 m. {33 ft. 8 in.), the width 305 m. (10 ft.). 



Fig. 144.— Berginaiin Locomotive (End View). FlO. US.— Driver's OompartmeoL 

and the height 3820 m. (12 ft. 7 in.). The driving wheels are 1 126 m. (5 ft. 4 in.) 
in diameter, whilst that of the bogie wheels is 1013 m. (3 ft. 4 in.). The makere 
point out that steam express locomotives of similar output aa used on British 
main lines have an overall length including tender of about 1829 m. (60 ft.), 
and the total weight, including coal and water, is considerably over 100 tons, 
whereas the weight of this electric locomotive is about 72 tona. An end view 
of the locomotive ia given in Fig. 144, and a view of the interior of the driver's 
compartment in Fig. 145. So far as the external appearance is concerned, and the 
method of transmitting the power from the motor to the driving wheels, the engine 
does not differ appreciably from the other locomotives which have been constructed 
for the Dessau-Bitterfeld Railway. The electrical equipment, however, is of consider- 
able interest, and possesses one very novel feature. The novelty hes in the fact 
that, although the locomotive is fitted with a series motor, control is effected by 
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shifting the brushes. The system of controlling single-phase locomotives by brush 
shifting is, of course, quite usual when Deri motors are employed, but up to the 
time of the appearance of the locomotive now under consideration, no endeavour 
appears to have l)een made to vary the speed by brush shifting with series motors. 

It would appear that any attempt to obtain speed variation in a series motor by 
displacing the brushes from the normal working position would result in bad sparking, 
but the difficulty has been overcome by adopting a special arrangement of the com- 
pensating winding. Hitherto the compensating coils of each pole have been connected 
up in series, but in the Bergmann motor they are connected in parallel. Suppose 
that in the face of a given pole there are six slots, as shown in Pig. 146, then the 
compensating winding of each pole consists of three coils of which the innermost is 
wound in the slots so as to enclose one tooth, the middle three teeth and the outer 
five teeth, all these coils being connected in parallel. By accurate calculation of the 
number of turns, taking into account the ohmic resistance, leakage coefficients, etc., 
it has been possible by this winding to develop in the commutation zone a suitable 
commutating or reversal field for all positions of the brushes, and brush regulation 
can therefore be adopted. 

It is well known that by providing an ordinary direct-current motor with inter- 
poles it is often possible, with a given size machine, 
to get better results than can be secured with a motor 
that is not provided with interpoles. In view of 
the very complete compensation which this new com- 
pensating winding provides, the Bergmann Company 
claims that the motor is capable of developing a large 
output for its size. A test carried out with one of 
these motors demonstrated that the distribution of the 
total current varies in the individual coils when the 
brushes are displaced, and by suitable allocation of the 
windings it is possible to arrange that the current so 

varies over the different coils that a good reversing field always exists in the brush 
line of commutation, so that sparkless commutation can be secured at all loads 
and speeds. 

By adopting several voltage steps in conjunction with this system of brush dis- 
placement a very satisfactory system of control has been secured. At starting the 
motor is switched on to the lowest voltage and the brushes are gradually rocked 
forward. They are afterwards quickly brought back to the original position and 
the next voltage step is then brought into use, when the brushes are again rocked 
forward, and so on until the maximum voltage is reached. By this method the current 
consumption at starting is kept down to a low value. Moreover, owing to the absence 
of an induction regulator, the power factor can be maintained at a high value. The 
curves. Fig. 147, relate to a 2,000-h.p. Bergmann single-phase motor started on this 
principle. These curves have been plotted on the basis of a constant current of 4,000 
amperes, and show the relation of speed, output, etc., to the angle of displacement 
of the brushes. The curves relate to a motor designed for a periodicity of fifteen 
cycles per second and the voltage steps are 250, 375, and 500. It should be explained 
that the constant current is due to the fact that although the current increases by 
rocking the brushes forward it drops a corresponding amount with the increase 
in speed of the motor. Another point worthy of note in connection with this 
system is that when changing the voltages the brushes are shifted back before the 
circuit is broken, so that the current is first of all reduced. 

E.R. ^ 
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It will readily be understood that by rocking the brushes in the manner described 
a uniform acceleration is obtained, and that it eliminates sudden jumps. In order 
that the amount of power required for shifting the brushes may be reduced to 
a minimum the parts are made to work with the smallest amount of friction 
possible. The brush ring is mounted in ball bearings. Moreover the displacement 
of the brushes over the periphery of the commutator only amounts to about 
2 in. A special brush rocking gear is adopted, which may be operated from the 
driver's cab by turning a handle continuously in one direction throughout the 
entire speed regulation period, and the process of turning this hand wheel moves 
the brushes backwards and forwards. The hand wheel used for moving the brushes 

is to be seen in Tig. 145. In order that 
the path of displacement of the brushes 
may be shortened as much as possible 
so as to accelerate reversal, a small 
auxiUary winding is provided in the 
motor which from the start advances 
the position of the field axis, and when 
reversal takes place this winding has 
to be changed over. This is effected 
when no current is passing and before 
the motor is switched into circuit by 
means of an ordinary reversing switch, 
which is coupled up with and actuated 
from the main brush rocking gear and 
with the aid of the hand wheel already 
referred to. 

The first turn of the hand wheel 
operates the reversing switch. Next, 
the current is supplied to the motor 
through a main switch, and afterwards 
the brushes are shifted in the manner 
already described. First of all, the 
lowest voltage is appUed to the motor 
terminals, and the brushes are slowly 
rocked forward from the neutral axis to 
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Fig. 147. — rerformance Curves. 



the working axis for maximum speed at 
that particular voltage. They are then 
quickly brought back to the first position, and the next voltage step is brought into 
use when the brushes are again rocked forward until the maximum speed is attained. 
Contactor switches actuated by compressed air are employed for bringing the various 
transformer tappings into use. The direction of revolution of the motor is depen- 
dent upon the direction in which the controlling handle is turned. 

The drive is effected by cranks, connecting-rods and an intermediate jack 
shaft. Push buttons are fitted in the driver's cabs, by means of which the oil 
switch which controls the main transformer may be opened. The switch is 
closed in the usual manner. Tor the supply of compressed air a compressor is pro- 
vided which is driven by a small single-phase commutator motor. The usual ammeters, 
voltmeters and air indicators are also fitted in the driver's compartments. 

When the main motor is nmning at its normal speed, viz., 270 revolutions per 
minute, the locomotive runs at about 80 km. (50 miles) per hour, and develops at 
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the draw-bar a tractive effort of about 4,490 kg. (9,9001b.). On an official test a 
maximum tractive effort of 36,300 lb. on the draw-bar was registered when the 
locomotive was stationary, and at this figure the wheels began to sUp. As already 
explained, the total weight of the locomotive is 72 tons. The electrical equipment 
accounts for 26-5 tons, the motor 16-5 tons, and the transformer 7-6 tons. When 
the brushes are in the advanced position and when 50 amperes are passing into the 
high-tension side of the 10,000-volt transformer, the locomotive draws a passenger 
train weighing about 300 tons. At full speed and load the current taken on the 
high-tension side of the transformer is about 125 amperes, and about 5,000 amperes 
are suppUed to the motor. The average impressed pressure amounts to about 
270 volts at the motor terminals when the train is running at full speed. 

There was once a considerable difference of opinion among electrical manu- 
facturers who have taken up this question of single-phase working as to the 
relative advantage of series motors and repulsion machines, but the majority now seem 
to favour the series motor. The Bergmann Company points out that the ordinary 
repulsion motor works best at about 70 per cent, of the synchronous speed, whereas 
the speed of the series motor can be increased far beyond the synchronous value. 

From the foregoing it will be seen that considerable progress is being made with 
the single-phase system in Germany, and it is pretty safe to assume that other 
important developments will be made in the near future. Tor instance, it has been 
decided to electrify the Berlin Stadtbahn. This railway, which runs through the 
principal parts of Berlin and its suburbs, was put into operation on January Ist, 1872, 
and judging from a report submitted by the Railway Ministry to the Prussian 
Diet, it has proved highly successful so far as its passenger traffic is concerned. It 
appears that in 1895 75,000,000 passengers were carried over the inner circle, whilst 
in 1909 the number had increased to 157,000,000. The traffic on the suburban 
sections has also increased in a like manner, the number of passengers carried in the 
two years just mentioned being 41,000,000 and 137,000,000 respectively. 

The report shows that the population of BerUn itself which is served by the inner 
circle lines has increased from 2,017,000 to 2,898,000 during the period just referred 
to, and that the population of the suburbs has risen by about 425,000. It is not 
surprising, therefore, that the capacity of the Berlin Stadtbahn has become altogether 
inadequate to meet present-day requirements. Various suggestions have been put 
forward to overcome the difficulties now met with in dealing with the traffic, and 
these include' doubling the existing Unes, building new tube railways, and electrifying 
the present system. But owing to the great financial and other difficulties involved, 
the latter scheme has been recommended and in the single-phase system is considered 
most suitable. Electric locomotives will probably be used to a considerable extent, 
since it is desired to retain some of the old rolling stock. It has been proposed to order 
557 electric locomotives, 690 passenger coaches, and 29 repair cars. Two or more 
locomotives would be coupled to the same train, as circumstances demand, and 
operated by one man by means of a simplified multiple unit system. Experience 
gained with electric locomotives in Germany goes to show that the maintenance costs 
are below those of motor coaches, and various other advantages are also secured. 
Locomotives can be built with very large hauUng powers, and one such engine can 
therefore take the place of many motor coaches. Added to this, the motor and 
other electrical gear are very accessible, which is an important item from the points 
of view of cleaning and repairs. 

Experience gained in Germany indicates that since the motors of electric loco- 
motives are spring borne and placed high up in the body, there is little noise and 

K 2 
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vibration. During the busiest hours of the day, when the traffic is heaviest, the trains 
would be made up of thirteen six-wheel coaches, and propelled by two locomotives, 
one at each end of the train. At other times, when the railway is less busy, the 
trains would consist of five or eight coaches, coupled to a single locomotive. Trains made 
up in this manner could be driven from either end by fitting the last coach with a 
controller, which would naturally be put into communication with the motors in the 
locomotive The weight of a train composed of thirteen coaches and two locomotives 
would be 355-5 tons, which is 28 per cent, more than that of the heaviest steam 
train now at work on this railway. The great advantage which the electrical system 
would present is naturally the rapid acceleration, and this, of course, is one of the 
main reasons for electrifying Unes such as that under consideration. 

The pressure is to be 15,000 volts and the periodicity 16§ cycles per second. 



THE MURNAU-OBERAMMERGAU RAILWAY 



The Mumau-Oberammergau Railway was one of the first railways to be electrified 
on the single-phase system. When in the year 1904 the Munich local railway 
company decided to adopt electric traction a great deal of consideration was given 
to the question of the proper system to use. One of the fimdamental requirements 
was that the maximum power used should be as small as possible, because of the 
hmited water power available at the generating station. It was suggested that 
three-phase current motors should be used on the trains and arranged for cascade 
control or for working with a variable number of poles, but neither of these schemes 
was considered satisfactory from a technical or financial standpoint. But the chief 
reason for abandoning the idea of using the three-phase system was the difficulty of 
providing a satisfactory overhead system on the sidings. 

There is a large number of sidings, and it was feared that the cost of the 
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overhead construction would not only be high, but that it would also prove expensive 
to maintain. The continuous-current system presented the following advantages : — 
The motors have the desired series characteristics ; the cost of the coach equipment 
is low, and the overhead construction at the points and crossings simple. On the 
other hand, the losses in the cables and sub-stations, and particularly the running 
costs of the latter, rendered the system unsuitable. Finally, the single-phase 
system was considered, employing alternating current at 6,000 volts pressure and at 
a periodicity of 16 cycles per second, and this proved to be the best for this particular 
railway. Moreover, the power required for working the railway was found to be 
lower than that needed by either of the other systems, notwithstanding the greater 
weight of the coach equipment. This is owing to the small transmission and other losses. 
Single-phase motors are just as suitable for varying gradients as the direct-current 
machines, and the greater cost of the electrical equipments on the alternating-current 
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trains is more than balanced by the saving in the transmission and distribution 
circoits. 

The line is 266 km. long, and runs through mountainous country with gradients 



Fia. 149.— Pn>«le of Line. 

up to 1 in 33. It deals with a considerable passenger and goods traffic. The 
difference in level between the ends of the line amounts to 327 m., and there are 
numerous ciu-ves on the heaviest gradients. Figs. 148 and 149 give a map and profile 



l-'io. 150.- — Overbead Coostruction with Wooden and lattice Poles. 
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of the line respectively. The schedule time for the journey from Murnau to Oberam- 
mei^au is 72 minutes, and the return journey is covered in 65 minutes. In both 



Flo. 151. — Catenary Overhead Construction. 

cases the time occupied in stopping at the eight intermediate stations is included 
in these figures. Taking the time occupied in stopping into account, the speed is 




Fig. 152. — Uracket Ann. 



Bracket Arm. 



19'6 km. per hour when the train is running up hill and 21-6 km. when travellii^ 
down hill. The maximum speed on the level or down hill is 40 km, per hour. In 
the winter there are usually twelve trains daily, and in the summer gixt«en trains for 
passengers and goods, but additional trains are put into service if required. 
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The power station contains two 500 b.p. and two 30 h.p. water turbines. They 
are suppUed with water from the river Ammer. The two large turbines are fitted 
with heavy fly-wheels, and each is coupled to two genera- 
tors, one for supplying power to the railway and the other 
for lighting. Each of the traction machines has a capacity 
of 280 kw., and generates single-phase current at a pressure 
of 5,500 volts, and at a periodicity of sixteen periods, 
with a power factor of 8. The lighting generators are 
capable of giving a continuous output of 150 kw. at '9 
power factor, and work at a pressure of 5,000 volts and 
at a periodicity of 40 cycles. All the generators were 
built by Siemens-Schuckert. The two 30 h.p. turbines are 
coupled to continuous-current machines for exciting the 
main generators and for lighting the power station and 
dwelhng-houses of the staff. The three-phase lighting 
dynamos supply current to rotary converters at Mumau, 
Kohlgrub, and Oberammei^au, and also a small amount 
of power to a few other points. 

The lighting feeders are carried on petticoat insulators mounted on the wooden 




Fig. 154. — Section o 
in Fig. 153. 




i'lO. 155. — Catenary Overhead Construction. 



poles that support the contact wire. These feeders consist of six wires of 35 sq. mm. 
section, three of which go to Oberammergau and three to Mumau. The railway 
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feeders, on the other hand, consist of two wires of 35 sq. mm. section. These two 
wires are connected in parallel, and constitute the outgoing feeder, and one wire of 
the same size is earthed at Kammerl and Saulgrub, and this forms the return feeder. 
At Saulgrub the connection is made to the trolley wires going to Oberammergau and 
Murnau. The overhead conductor takes the form of a round copper wire of 50 sq. mm. 
section. For the greater part of the distance the contact wire is carried on wrought 
iron brackets, some of which are fixed to wooden poles and others to wrought iron 
lattice poles. The latter are used on curves and in railway stations. This type of 
construction is shown in Figs. 150 and 151, and details of one of the bracket arms 
are shown in Fig. 152. The distance between the bracket poles on the straight 
sections of the railway is 35 m., and on the curves 30 m. The metal poles are well 
earthed. In addition to the insulator between the cross-wires and the contact line, 
insulators are also interposed at the ends of the cross-wires as shown in Fig. 152. 

One section of the hne, as shown in Fig. 151, was equipped with Siemens 




Voach t'oiinectioiis. 



catenary suspension system for the purpose of experiment. This is the same 
equipment as used on the Cologne-Bonn Railway, which is a 1,000- volt continuous- 
current line. Details of the system are given in Figs. 153, 154, 155. There 
are two trolley wires, and these are supported by cross bars hung from a strong steei 
catenary cable which is suspended over the line on insulators. The cross bars can 
rotate round their point of support and are of different lengths, so that the two trolley 
wires alternately approach and recede from one another, as shown in Fig. 155. At 
the points where tlie contact wires are closest together and farthest apart the cross 
bars are anchored to the poles by special span wires to prevent wind or bow pressure 
causing side motion. This zigzag arrangement of the wires also ensures uniform 
wear on the bow collectors. The trolley wires can move up or down independently 
owing to the pivoted suspension of the cross bar, so that both wires always keep in 
contact with the bow even when the latter is tipped up by the superelevation of the 
rails on curves. This arrangement has been found to eliminate arcing between the 
bows and the overhead wire. The wires are prevented from moving sideways. To 
i safety in the event of a wire breaking earthing arrangements are employed at 
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all the stations and level crossings. In tho event of a wire breaking it is 
immediately earthed 

The trolley wire is divided into five sections, but under normal conditions they 
are connected together. There is no interruption in the supply when the bow passes 
from one section of the contact wire to the other. Moreover, there is no risk of 
momentarily connecting any section that is switched off to a hve section through 
the bow, as the latter passes over it. The overhead lines are protected against 
lightning by horn type arresters, which are fitted at various points along the line 
(see map. Fig. 148). The rails are bonded by means of copper wires having a diameter 
of 10 mm., the bonds being riveted to the rails by means of iron rivets. Cross bonds 
are also provided at points 100 mm. apart. The voltage drop when a 56-ton train 
is taking 30 amperes, running at the farthest part from the power station, viz., 
Murnau, is 210 volts, or about 3'8 per cent, of the working pressure. If, however, 
two trains happen to start together at this point, the drop then amounts to 76 per 
cent, of the working pressure. 

Turning now to the roUing stock, it has been indicated that the passenger traffic 



Fio. 159. — Motor Coach taking Current from Low-tension Wire. 

is less in the winter than in the summer. On the other hand, the goods traffic ift 
more heavy in the winter. To meet these conditions two different types of coaches 
were built for use in the two seasons. The coaches which were built for winter service 
are divided into second and third class compartments, the former containing eight 
seats and the latter twenty seats. There are also postal and luggage compartments. 
These coaches weigh about 60 tons and are capable of carrying 24 tons. For the summer 
traffic, on the other hand, coaches have been built for passengers only, these having 
sixteen second-class seats and thirty third-class seats. These coaches weigh 275 tons, 
A train composed of a motor coach and a trailer coach is shown in Fig. 156 and a 
train at the Oberaramergau Station in Fig. 157. 

The trains are made up according to requirements, with a special post and parcel 
coach and one or two passenger or goods trailers, such trains being capable of carrying 
from 100 to 150 persons. Four motor coaches of this type were supplied to begin with. 
The coaches are of the Niimberg Maschinenbaa-Aktiengesellschaft three-axle type. 
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The motor coaches, trailers, and post coaches are all fitted with Westingbouse auto- 
matic brakes. There are two driver's compartments to each motor coach, and these 
are partitioned ofE from the passengers' compartments. All the motor and trailer 
coaches are electrically lighted and heated. Fig. 158 gives the electrical connections 
for a motor coach. The two bows are connected to a common conductor supported 
on porcelain insulators. It will be noted that the high voltage circuit is connected 
to a horn lightning arrester, then through an overload relay and fuse fixed on the 
roof of the coach, and finally the main conductor passes through a porcelain insu- 
lator and down the centre of an earthed brass pipe to the high voltage main switch. 
The latter is naturally connected to the primary winding of the transformer. The 
secondary winding of the latter is divided into eight sections, each giving about 
17'5 volts. These are connected to the motors through a reversing switch and 
barrel controller. 

In the coach sheds at Murnau and Oberammergau arrangements are made for 



Fig. 160.— Controller, etc,, under a Uotor Coach. 

supplying low-tension current to the motors on the coaches. At the end of the coaches 
there is a plug which takes a portable current collector, as shown in Fig. 159. Switches 
are fitted in the driver's compartments for cutting either of the main motors at will. 
When the coaches are running over the high-tension lines the low-tension current 
collector is removed. Two bow current collectors are fitted to each motor coach, and 
they are raised and lowered by compressed air. The controller to be seen in the 
middle of the illustration. Fig. 160, consists of a main barrel fitted with a double 
row of sUding contacts which pass under corresponding finger contacts. The circuit, 
however, is finally broken by means of an auxiliary drum fitted on the same shaft 
as the main drum and provided with magnetic blow-out gear. One of the single- 
phase motors as used in the motor coaches is shown in Fig. 161, They are series 
wound machines provided with compensating windings and designed for a working 
pressure of 276 volts. They were tested with a load of 100 h.p. for one hour, when 
the temperature rise was found to be 65° Cent. The machines were also found to 
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have a high power factor. It ia also worthy of mention that although this railway 
was put into operation at a time when single-phase working was in its infancy, th& 



I'lG. 161. — Single- Phase Motor. 

commutation of the motors proved excellent notwithstanding the wide variations' 
of load caused by the heavy gradients and the large amount of shunting that ha& 
to be carried out. 



THE MITTENWALD RAILWAY 

The opening of the first section of the Mittenwald Electric Railway took place 
on October 28th, 1912. This is the eastern section which extends from Innsbruck 
to Schamitz and passes through the Tyrol. The length of the line is 33 km. The 
complete railway will provide connections between Innsbruck, Scharnitz, Garmisch, 
Part^nkirchen, Griessen and Reutte. The western section — see map. Fig. 162 — extends 
from Reutte to Griessen, a distance of 32 km. Between these lines there is the 
Scharnitz-Garmisch-Partenkirchen-Griessen section, which passes through Bavaria. 
All these lines are to be worked with single-phase alternating current. As far back 
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Fig. 162. — The Mittonwald Electric Railway. 



as August 17th, 1889, an electric light works was started for the supply of electricity 
to Innsbruck. It was originally equipped with two Ganz alternators, each rated 
at 80 kw. The plant was designed for supplying current to 1,300 16 candle-power 
lamps burning simultaneously. This hydro station, which is worked by the falls of 
the Wurmbach to the north of Innsbruck, is still in operation. An 80 kilovolt- 
ampere alternator, two 200 kilovolt-ampere single-phase alternators, and two 1,200 
kilovolt-ampere two-phase alternators were added in 1909, and a new station situated 
in the south of Innsbruck on the Brenner, close to the Stefansbriicke, was started 
in 1903. This latter station utilises the waters of the river Sill. Originally it contained 
two 2,500-kilovolt-ampere two-phase sets designed for a working pressure of 10,000 
volts. Four additional machines, each capable of developing 3,300 kilovolt-amperes, 
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have since been added by the A.E.G. Union of Vienna. The total capacity of the Sill 
station is therefore at present 18,200 kilovolt-amperes. Clearly the use of electricity 



Fio, 163. -Entrance to Tunnel l,1H~ Ikfetres long. 

in this part has made remarkable headway. Since the end of 1911, 730 motors with 
a total output of 3,950 horse-power have been put down in the town of Innsbruck. 



Fio. 164. — 3,000 -Kilo volt- Ampere Single-rhase Generulor. 

No fewer than 00,000 incandescent lamps and 480 arc lamps have also been added 
during the same period. 

In 1904 the Stubaital Railway was built, this being the first single-phase mountain 
railway. It is supphed with current from the Sill station. A street tramway in Inns- 
bruck is worked with direct current at a pressure of 600 volts, this current being 
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obtained from converters connected to the 2,000 volt two-phase mains. At the end 

of Idll there were 18 km. of single track connected with the Innsbruck tramways. 

The owners of these tramways have also electrified the overhead line to Hall, which 

was originally worked by Bteam. When 

it was decided to electrify the line the 

direct -current system working at a 

pressure of 1,100 volts was chosen, this 

being the first railway in Austria to 

use high-tension direct current. An 

electrically operated rope railway also 

leads up to a sharp rise on the slopes 

of the northern chain of hills to the 

Flo. 1<)5.— Field Hub. Hungerburg Plateau about 300 km. 

above Innsbruck. By reason of the 

heautiful view which is obtained at this altitude the line is well patronised by visitors 

during the summer months. The construction of the railway also arouses a great 

deal of interest. 

From the foregoing it will be seen that electricity Was extensively used in Inns- 
bruck itself and in the surrounding 

country before it came to be employed 

on the Mittenwald Railway, The work 

that has recently been carried out on 

this latter line is of an important and 

interesting character. The line is notable 

for the beautiful alpine scenery which 

it reveals to the traveller. On the 

Austrian sections, viz., Innsbruck to 

Scharnitz, a distance of 327 km., and 

Reutte to Griessen, a distance of 303 

km., where the most magnificent scenery 

is met with, there are 18 tunnels, repre- 
senting a total length of 4,305 m. One 

tunnel alone, the entrance to which is 

shown in Fig. 163, has a length of no less 

than 1,787 m. A number of viaducts 

and bridges also had to be built, and 

altogether the construction on the rail- 
way involved some very difficult work. 

Electrical working was found to present 

many advantages as compared with 

steam. The absence of smoke in the 

tunnels was an important consideration, 

and, moreover, in the construction of Fio. 1G6. — 60,00O-'\'olt Step-up TranBtonner. 

the line itself a gradient of 364 per 

cent., was permissible by using electric traction. The fine reaches a height of 1, 185 m. 

above the sea level at Seefeld, and in a distance of 212 km. a difference of level 

of 600 m. has to be dealt with. Had steam locomotives been employed it 

would have been necessary to lengthen the line by at least 4 km. just at the point 

where the greatest difficulties would have been met with. The saving introduced 

by adopting electric traction amounts to more than the total cost of the electrical 
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equipment. Electric working is also advantageous on account of the water power 
available. 

The power station for the Mitt«nwald Railway has been erected about 6 km. 
to the south of Innsbruck in the vicinity of the Sill works, and utilises the water power 
of the Ruetzbach, a river close to the Sill. The effective fall is approximately 185 m. 
At present there are two 4,000 h.p. Voith Pelton turbines in the Ruetz poyer station. 
Each of these ia coupled to a 3,000 kilovolt-ampere single-phase generator, as shown 
in Fig. 164. These generators work at a pressure of 3,000 volts and at a periodicity of 
IB cycles per second. They are capable of developing a maximum output of 4,000 
kilovolt-amperes. Since the speed of the sets is 300 revolutions and the periodicity 
15 cycles per second, the generators are six-pole machines. The cost is somewhat 



Fio, 167. — Tranaportiog a Transformer to the Buetz Works. 

higher than that of a four-pole machine, but the lower speed enables the pole core to be 
fixed with absolute rigidity to the rotor hub. By reason of the heavy weight of the poles 
very considerable centrifugal forces have to be dealt with. The weight of a wound 
pole is 3,540 kilos., and the fixing of the rotor hub, as shown in Fig. 105, is subjected 
to a centrifugal force of 343,000 kilos, at normal speed. At 80 per cent, excess 
speed it is increased to 1,000,000 kilos. From the illustration. Fig. 164, it will be 
seen that the magnets are fitted with fans for the purpose of ventilating the machine. 
By this means it has been found possible to keep the temperature rise well below 
the specified limit. It might appear that generators fitted with such large fans 
would be noisy, but this is not the ease. Current derived from the generators is 
fed into transformers of the type shown in Fig. 166, and in this manner the 
pressure increased from 3,000 volts to 50,000 volts. The illustration, Fig. 166, 
shows the transformer removed from its case. Each generator is provided with 
an independent transformer, thus obviating the necessity of using 3,000 volt bus 

B.B. L 
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bars and Bwitches, These oil traneformers, with water circulation, are designed 
for the same maximum rating as the generators, but the continuous rating is 
1,800 kilovolt-amperes. The transformers are of the core type, with disc windings. 
The wound cores weigh 23 tons, and, owing to the nature of the ground, con- 
siderable difficulty was encountered in transporting them to their destination. 
This will be appreciated from Fig. 167. The 50,000-volt switches are placed in 
spacious cement cells. All these switches are fitted with electro-magnetic remote 
control gear, so that they can be operated from the switchboard in the main 
machine room. Automatic overload releases with time limit gear are fitted to 
the high-tension switches. The usual lightning arresters, etc., are also provided. 
Current at 50,000 volts is supplied by means of a high-tension Une to two sub- 



Fio. 168. — TmusmiMion Lino and Fig. 169. — Tranamission Liue Passing 

Contact Wire on Track. Over Tunnel. 

stations, where the pressure is lowered to 15,000 volts for use on the line. These 
sub-stations, which will also supply current to the Bavarian lines until the com- 
pletion of a generating station at Walchensee, are erected at Reith and Schanz. 
The former place is 19 km. from the eastern boundary of Austria, and the latter 
3"3 km. from the western boundary. Views of the transmission line, which is 
mainly carried on the same poles that support the contact wire of the railway, are 
given in Figs. 163, 168 and 169. Each of the transmission wires has a section of 
35 square millimetres. 

Separate poles tor the transmission line are used between the power station 
and the railway line, a distance of about 6 km. The first section of the 50,000-volt. 
line passes through a desolate district, which ia not easily reached in the winter months. 
On this account three wires are used on this section of the line, one of which serves 
aa a spare. A copper hghtning conductor is mounted above the high-tension line 
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Fio. no.— Soharnite Station. 



Fig. 171.— Shunting (station at Wilten. 
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FiQ. 172. — Arrongemeat of Contact Line in TunneL 



Fio. 173. — Train at Hochzirl Station. 
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on the top of each mast, this being carefully earthed at the basis of the masts. The 
masts, which are of the lattice tjrpe, are erected 80 m. apart. Separate masts for 
the transmission line are also used for a short distance on the Innsbruck-Schamitz 
section, owing to the number of long tunnels. The erection of a high-tension Une on 
the same masts that carry the contact wire for the railway introduces various diflS- 
culties which do not arise when a transmission line has its own supports. Obviously, 
the route is confined to that of the railway track, and in the present case a number 
of sharp curves, such as shown in Fig. 168, had to be negotiated. Moreover, the 
masts are subjected to vibration arising from the passage of the current collector. 
Experiment proved the link disc suspension insulator to be the only tjrpe suitable 
for use under these conditions. Experience gained in America has also led to this con- 
clusion, but, owing to the climatic conditions met with on the Mittenwald Railway, 
it was necessary to depart somewhat from American practice. Special insulators 
devised by the A.E.G. Company have also been used for anchoring the contact line. 
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Fig. 174. — Diagram of Locomotive for the Mittenwald Railway. 

The illustrations of the Schamitz station and the Wilten shunting station in Figs. 170 
and 171 give a good idea of the overhead equipment as used on the Mittenwald 
Railway. In this instance the A.E.G. Company has not provided any tightening 
gear for the overhead lines. The reason for this appears to be that the many sharp 
curves entail considerable friction, which makes it impossible for any ordinary 
tightening device to work satisfactorily. Moreover, owing to the flexibiUty of the 
masts used on this line, gear of this description was considered unnecessary. Fig. 172 
shows the arrangement of the contact wire in a tunnel. 

Let us now pass on to the electric locomotives. At present nine 800 h.p. single- 
phase locomotives are in use on the Innsbruck Landesgrenze and Bayem-Garnisch- 
Partenkirchen lines, representing a distance of 75 km. Each locomotive can draw 
a train weighing 124 tons on a gradient of 3'64 per cent, at a speed of about 30 km. 
per hour, this corresponding to a tractive effort of approximately 7,600 kilos. A 
train standing in the Hochzirl station is shown in Fig. 173. It is worthy of mention 
that one of these locomotives was put into service for some months on the Dessau- 
Bitterfeld Railway, in Germany, for trial purposes, during which time it hauled goods 
trains weighing 1,100 tons at the regular schedule speeds. 
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The diagram, Fig. 174, shows the axle arrangement, position of motor and main 

transformer very clearly. The hourly rating of this goods locomotive is 800 h.p. at a 

speed of 30 km. per hour, the maximum 

speed being 40 km. per hour. When 

the locomotive is ready for service with 

the sand box filled, etc., the total weight 

is 53 tons, this being 3 tons under the 

weight specified. The reduction was 

effected solely by cutting down the 

weight of the electrical equipment. 

Current is collected from the overhead 

wire by means of bow collectors, and is 

led through a bare conductor on the roof 

to a lightning arrester and choking coil 

and then to the primary of the main 

transformer. The high-tension oil switch, 

which can be closed by hand from the 

driving cab, breaks the circuit at four 

points, and a resistance is provided in the 

usual manner. Press buttons are fitted 

Fio. i:5.-r^motive Transformer. '<"■ *^''« purpose of opening this switch. 

Between the lightning arrester choking 

coil and the oil switch an earthing switch is connected which automatically closes 

when the protecting cover of the switch is removed. A main transformer, as used 

on these locomotives, is shown in Fig. 175. Fig. 176 shows one of the SOOh.p. A.E.G. 

single-phase motors erected on the test bed. It is a 12 pole machine, and is con- 



FiG. 178.— 800 h.p. Single-Phase Motor on Teat Bed. 

structed in accordance with the designs of Winter- Eichberg. Two sets of brushes 
are fitted to these motors, the brushes of one set being short-circuited. The exciting 
current is fed into the rotor through the second set of bnishes, this current being 
derived from a special exciting transformer. The slots of the rotor are partially 
closed, and are skewed at an angle with respect to the rotor axis. Fig. 177 shows one 
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of the rotors. Speed control is effected by changing the pressure at the terminals of 
the motor, this being done by means of contactors which are connected to the tappings 
of the main transformer. 

The controlling current for the contactors is taken from the power transformer of 
300 volts. Each of the two controllers has two drums. One operates the contactors 
for the power transformer, and thus regulates the output, whilst the second operates 
the exciter contactors, thereby eontrolUng the excitation. The direction of running is 
also determined by the first position of the exciter drum. The drums are independent 
of one another. Owing to this arrange- 
ment the field can be adjusted for any 
speed with the lowest possible kilovolt- 
ampere input at the terminals of the 
motor. All the contactors are inter- 
locked with one another. If one of the 
contactors fails to operate, the others 
cannot be closed. It was specified that 
it should be possible to operate two 
locomotives on the multiple unit system, 
BO that in this case trains weighing 250 
tons can be hauled. The contactors for 
the auxiliaries, such as motor com- 
pressor, hghting, and heating, are 
mounted on a common switchboard, 
and the controlling leads are energised 
on closing hand-operated switches. The 

pressure used for lighting is only ISvolts, _ ■ ,.. _ . .„„.,, %, . 

'^ _, , CO -f F,0, l,7._Eotor of 800 h.p. Motor. 

Ihe motor compressor, which sup- 
plies the compressed air for the brakes, current collectors, sanding gear, and whistle, 
is automatically switched in ae soon as the air pressure in the tank has fallen below 
a given value, and when the proper pressure is restored the current is automatically 
interrupted. The heaters used for heating the locomotives consume 1 kw. For 
heating the trains couplings are fitted at each end of the locomotive and coaches, and 
by means of coupling cables a cireuit is established throughout the train. Lastly, it 
is worthy of mention that a three-way cock is interposed in the compressed air pipes 
and connected with levers in such a manner that the air leaves the cyhnder of the 
current collector directly anyone mounts the roof of the locomotive. The collector 
is therefore lowered, and all the current carrying parts on the top of the engine 
can be handled with safety. The whole of the electrical work was carried out by 
the A.E.G. Company. 



CHAPTER V 

THE ST. POLTEN-MARIAZELL RAILWAY 

One of the most interesting lines electrified on the single-phase system by 
Siemens-Schuckert is the Alpine Railway, which runs from St. Polten, in lower 
Austria, to Mariazell in Styria, and which is connected with the Austrian State 
Railway at St. Polten. When the Une was first put into operation it was worked 
by steam, but it soon became evident that something would have to be done to increase 
its capacity to enable it to cope with the very heavy goods and passenger traffic. 
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Fig. 178.— Profile of the St. Polten -Mariazell Eailway. 

Moreover the smoke in the tunnels proved very objectionable. There are sixteen 
stations and seventeen passenger halts, the principal stations being at St. Polten, 
Laubenbachmuhle, and Mariazell. The heights of the various stations and passenger 
halts above sea-level and their distances from the station at St. Polten are shown 
on the diagram. Fig. 178. The smallest radius of curvature is 260 ft., and 
the steepest gradient 2-5 per cent. Since the greater part of the railway passes through 
mountainous country it became necessary to build many tunnels and viaducts. Alto- 
gether there are 136 large and nineteen small arched bridges with a total length of 
1,065 m. These are built partly in stone, and partly in steel. There are also seventeen 
tunnels with a total length of 4,000 m. The gauge of the line is '76 m. In the Gosing 
Tunnel, which is 892-5 m. long, the highest point of the railway is reached, viz., 892-6 m. 
above the sea-level. 

During the year 1907, when the line was worked by steam, 532,000 passengers 
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and 127,000 tons of goods were carried. In the following year — the second year of 
working — these figures had still further increased, and it then became evident that 
3team locomotives were unsuitable for dealing with the heavy traffic. The question 
of running night trains was considered, but this did not provide a solution to the 
problem, since most of the passengers desire to travel in daylight, owing to the beauty 
of the surrounding country. Nor was it considered expedient to run a night service 
for the goods, since this would have necessitated the employment of an additional 
staff, with a consequent increase in the working expenses. 

The lengthening of the trains and the provision of a second locomotive also 
proved impracticable, owing to the many sharp curves in the cuttings and tunnels, 
and the smoke nuisance arising from the employment of two locomotives. It was 
decided, therefore, that the only satisfactory solution to the problem was to electrify 



Fia. 179.--IntOTior of Power Station at St. Polten. 

the railway, and this appeared particularly desirable on account of the abundance 
of water power in the vicinity. 

For the purpose of providing power for working the railway, hydro-electric 
stations were erected at Wienerbruck and at Triibenbach, and they utihse the falls 
of the Lassingbach and Erlauf Rivers. In order to assist these stations at times 
when water is scarce an oil engine station has also been built at St. Polten. 
An illustration of this station is shown in Fig. 179. In addition to supplying energy 
for working the railway, the stations also provide current for power and lighting in 
connection with various industrial establishments in St. Polten and other places in 
the vicinity of the railway. 

A great deal of current is consumed in the town of St. Polten, which also possesses 
a municipal electric supply station of its own, and two other large stations in Wilhelms- 
burg Ratzersdorf are connected with this. As can he seen from Fig. 180, six power 
houses are now working on a common distribution system, and they are equipped 
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partly with water turbines, partly with steam engines, and partly with gas and 
Diesel engines. 

It was considered desirable that every alternator should be capable of generating 
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Fig. 180. — Scheme of Connections for Power Houses. 

three-phase current so that each set could be used for the railway as well as the three- 
phase power supply. Accordingly the alternators have been constructed as three- 
phase machines, and the switching 
arrangements enable either one or three 
phases to be used. The power station 
at Wienerbruck is on the first sta^e of 
the fall, and is situated in a deep gorge 
of the Erlauf River. In order to equalise 
the irregultuities of the water supply, a 
dam has been erected to enable the 
water of the Lassingbach River to be 
stored, and this dam, which is shown in 
Fig. 181, is near the Wienerbruck station. 
A similar dam has also been built for 
dealing with the water of the Erlauf 
River, and this is situated near the 
Erlaufklause station. 

There were originally three water 
turbines in the Wienerbruck station, 
each capable of developing 1,000 h.p. 
when running at a speed of 375 revolu- 
tions per minute. Later a fourth set 
was erected. The useful fall amounts 
to 170 m. The alternators coupled 
to the three first mentioned turbines 
Pio. 181.— The Dam at Wienerbruck. a™ designed for a three-phase output 
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of 1,340 kilovolt-amperes and a single-phase load of 900 kilovolt-amperes. The 
voltage is 6,500, and the periodicity 25 cycles per second. The generator coupled 
to the large turbine is designed for a three-phase load of 2,600 kilovolt-amperes, or 
a single-phase load of 1,800 kilovolt-amperes, the voltage and periodicity heing the 
same as for the other machines. It will be understood that the large three-phase 
capacities of the machines are due to the fact that it was desirable to utihse the full 
power of the turbines when working on single-phase load. To maintain the voltage 
constant automatic regulators are used. These are constructed in accordance with 
the Dick system. To prevent these regulators increasing the strength of the field 
current when short circuits occur relays are connected in the supply circuit, and they 



Fio. 182. — Overhead Conwtruotion witli 
Miista inside Curve. 

disconnect the regulators when abnormal currents, set up by short circuits, occur. 
The Wienerbruck power station also contains transformers which raise the pressure 
from 6,500 to 27,000 volts for the long distance transmission fine. These transformers 
can be used for the three-phase as well as for single-phase suppUes, 

The power station utilising the second fall of the Erlauf River is at Triibenbach. 
For equalising the flow of water a dam has been erected below the power station of 
Wienerbruck, and this also deals with the water of the Otscherbach River. The 
useful fall at this point amounts to 120 m. The Triibenbach station is designed as 
a simple three-phase station. It contains two three-phase generators of the Siemens- 
Schuckert type, each of which has a capacity of 1,200 kilovolt-amperes. The terminal 
voltage is 6,500, but this is increased by means of transformers to 27,000 volte for the 
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high-tension transmission line of the railway. The power station on the third fall 
of the Erlauf River is to be at Urmannsau, and its electrical equipment will correspond 
to that of the Triibenbach station. 

The Landes station in St. Polten, which, as already explained, serves as an auxi- 
liary for the three water power stations, contains two Diesel engines each having a 
capacity of 800 h.p. They are coupled to three-phase generators of the Siemens- 
Schuckert type. Each generator is designed to give 700 kilovolt-amperes three-phase 

current, or 420 kilovolt-amperes single-phase 
current. The pressure is 5,000 volts, and the 
periodicity 25 cycles per second. In this station 
the 27,000 volt current derived from Wiener- 
bruck and Triibenbach is connected to the 
primaries of the distribution transformers, 
which feed the 5,000-volt circuits of the city 
system. 

Referring to the diagram, Fig. 180, it will 
be seen that the current at 6,600 volts for the 
railway is supplied direct from the power 
station at Wienerbruck. At the opposite end 
of the line, however, the sections are fed 
through transformer stations at Kirchberg and 
Ober-Grafendorf , which are connected with the 
Wienerbruck power station by the 27,000-volt 
transmission line. The single-phase trans- 
mission wire from Wienerbruck as far as the 
sub-station at Kirchberg consists of two hard 
drawn copper wires of 50 sq. mm. section, and 
from Kirchberg to the sub -station of Ober- 
Grafendorf of two wires of 36 sq. mm. section. 
A third transmission line consisting of two 
copper wires of 36 sq. mm. section also runs to 
the Landes power station at St. Polten, and in 
this way it becomes possible to supply the 
railway with current from this station. There 
is also a three-phase 27,000-volt transmission 
line running from the power station at 
Wienerbruck to St. Polten, and this consists 
of three copper wires each having a section of 
35 sq. mm. This line carries the current, which 
is used for power purposes, in various industrial 
works along the railway. The power station at 
Triibenbach is connected up to this trans- 
mission line, and the line is also connected with the two transformer stations, as 
shown in the diagram, Fig. 180 

By means of suitable switching arrangements, therefore, it is possible to maintain 
the supply under practically all adverse conditions. Most of the high-tension trans- 
mission wires are carried on insulators mounted on the masts which support the 
contact wire for the railway, as shown in Figs. 182 and 183. All the masts are earthed 
by connecting them to the rails, and also to a buried wire running along the line. The 
earth connection is made by a galvanised iron wire. This wire is also connected to earth 




Fig. 184. — Sub-Station Connections. 
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plates. In order to avoid accidents due to the breakage of the 27,000-voIt wires, 
meteblUc loops which are earthed are fixed to the masts as shown in Figs. 182 and 183, 




Fio. 185. — Details of Orerhead Conatmction. 

Under ordinary conditions these loops are well away from the high-tension wires, 
but in the event of the latter breaking, the falling wire makes contact with the loops, 
and so causes a short circuit. It has 
only been necessary to use guard nets 
in a few places. For protecting the 
high-tension wires against the effects 
of atmospheric disturbances, lightning 
anresters are fitted in the power stations 
and sub-stations. The transformer sub- 
stations Kirchberg and Ober-Grafendorf 
are small masonry buildings, and are in 
the immediate neighbourhood of the 
railway stations of the same names. A 
diagram of connections of one of these 
sub-stations is given in Fig. 184, From 
this it will be seen that the transformers 
can either be fed from the single-phase 
wires A or from one phase of the three- 
phase lines B. The transformers, which 
are indicated at T, have a ratio of 1 to 
4-15, and transform the 27,000-volt 
current to 6,500 volts for use on the 
railway. Two transformers each rated 
at 900 kilovolt-amperes are erected in 
each of the sub-stations. The trans- 
formers are of the oil type with natural 
cooling. 

For opening the primary, an oil 

switch is used as indicated at OA, and ., ,„„ , . .- t- m: h - n 

' 1 10. 186. — Automatic Line -Tightening Gear, 

this IB automatically opened by a 

release gear Sp in the event of an abnormal rush of current occurring. Time relays 

R are also used in conjunction with the trip gear. When the trip gear operates, a 

bell as shown at L rings in the station inspector's office. Moreover an indicator 

K shows at a glance which of the switches requires closing. 
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Another interesting feature is the provision of an audible signal, which indicates 
the occurrence of an abnormal rise of temperature in any of the transformers. When 
switching on the primaries of the transformers, resistances are connected in circuit 
to hmit the first rush of current. The undesirable effects due to induction when 
switching off the transformers are also guarded against in a like manner. It only 
remains to direct attention to one or two other details, which are lettered on the 
diagram. M is the electro-magnet for actuating the trip gear, D the choking coils, 
B the lightning arresters, OW a water iet ; Tm is a thermometer used in connection 



Fig. 187.— Overhead Construction on Curve Fio. 188. — Line-Tightening Gear at 

with Brackets and PuU-offs. Mouth of Tunnel. 

with the temperature indicator, and K the indicator for showing which switch requires 
attention after the trip gear has operated. 

Both transformer sub-stations mentioned are identical, with the exception that 
at that at Ober-Grafendorf there are no water jet hghtning arresters, since those 
provided at the auxiliary station at St. Polten serve for protecting this sub-station 
i^ainst the effects of lightning. Owing to the increase of traffic on the railway it 
became necessary to erect a third sub-station. This has been put down at the 
railway station at Laubenbachmiihle. As shown in Fig. 184, two feeders, from the 
secondary of the transformer, conduct the current to two parts on the railway, and 
one of these feeders suppHes current to the section on the right of the sub-station, 
and the other to that on the left. Section insulators are interposed between the 
sections, but under normal conditions these are short circuited. When all the sepa- 
rating switches are closed the contact wiring is continuous. By opening the section 
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switches, however, the various parts of the line can be made dead in the usual 

manner. 

The overhecwi wiring, which is worked at a pressure of 6,500 volts, is suspended 
by a catenary cable, and auxihary wire, as shown in Fig. 185. The contact wire A 
is of hard drawn copper, and has a section of 80 sq. mm., and is suspended from the 
auxihary wires at distances of 3 m. by means of droppers. The droppers between the 
catenary cable and the auxiliary wire are placed 6 m. apart. The auxihary wire C is a 
steel wire of 6 mm. diameter, whilst the catenary cable D is a steel cable made up of 
seven strands, and has a total section of 
35 sq. mm. The whole suspension system 
is carried on insulators H. 

Owing to the large amount of water 
in the tunnels, it was found necessary to 
use catenary and auxiliary wires made of 
bronze. To avoid side oscillation of the 
contact wires, struts K are used. These 
are insulated from the supporting masts 
by double insulators as indicated in the 
diagram. On curves these struts act as 
pull-oflFs, and compel the wire to conform 
with the curve of the rails. In stations 
where there are several hnes running 





Fig. 189. — Methods of Supporting Wire 

Iq Tunnels. 



Fig. 190. — Section Switch 
on Mast. 



side by side cross brackets are employed, and these are supported by the masts on 
both sides of the permanent way. The height of the contact wire above the rails 
on the open sections of the hne is 5*5 m. Many of the masts used for supporting 
the wires are simply girders of I section, whilst in other instances lattice masts are 
employed. The span from mast to mast amounts to 50 m. In view of the fact 
th^t the construction of the overhead equipment is more or less evident from the 
illustrations 182, 183, 186, 187 and 188, it is unnecessary to enter into all the details, 
but there are, nevertheless, one or two special points to which attention should be 
called. For example, the erection of the overhead wiring in the tunnels presented 
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Fig; 191. — Locomotive Motor Bogie. 



Fio. 192.— Single-Phase Locomotive. 



THE ST. POLTEN-MARIAZELL RAILWAY 161 

difficulties, and some special arrangements had to be adopted. The troubles were 
brought about owing to the small amount of space available for the catenary 
suspension system. 

The method of overcoming the difficulty is shown in Fig. 189. The clearance 
space in the lower drawing is con- 
siderably below that in the upper illus- 
tration. The wire is only 3-7 m. — 12 ft. 
- — above the rails. The supports are 
placed 18 m. apart. It will be seen 
that special insulators J are fixed at 
each side of the tunnels, and that these 
support cross brackets, and the latter are 
constructed of steel tubing. The con- 
tact wire is shown at F, the auxiUary 
wire at H, the cross bracket at T, and 
the strut for preventing side oscillation 
at K. E is a common support for the 
wires F and H p^^ I93.-300 h.p. Motor. 

The insulators are not m Ime with 
the centre of the permanent way, and although this is of little importance when 
all the trains are worked with electricity, it nevertheless proved a boon in the present 
instance, since the overhead equipment in the tunnels was erected about twelve 
months before electric working was started. The engineers had reason to believe 



Fig. 194.^Ijoc(imolive CotiDectionn. 

that had the insulators been in direct line with the smoke coming from the funnels 
of the steam locomotives a great deal of damage wou'd have been done to them. But 
as it was the insulation proved perfect when the high-tension current was switched 
on. In front and behind the stations, and also in front and behind tunnels, which 
are over 200 m. long, section insulators are interposed in the wiring, as shown in 
B.B. H 
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Pro. 196. — The Wienerhruck Dam on the Way to Annaberg. 



Fig, 196,— The Line Cross 
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fig. ISS, and these render it possible to make the station and tunnel sections dead. 
The sections are cut out by means of horn switches, which are erected on the 
masts. These switches are actuated by rods. For the purpose of dividing the 
sections the ends of the wires are fastened to two brackets, which are placed 
10 m. apart. 

The wires are led near one another, and with a slight gradient, so that the current 
collectors can glide from one wire to another without impact. In the stations with 
loading sidings, section dividers of a simple typo are used. They are directly 
connected in the wiring, and are fitted with horn switches and a shutter signal, so 
that it is possible to see at a glance whether a section switch is opened or closed. A 
section divider of this type is shown in Fig. 190. 

When the electrical working was first commenced there were 14 narrow-gauge — 
■76 m. — electric locomotives, each of which weighs 47 tons. They are bogie locomotives, 
and are specially designed for nego- 
tiating sharp curves. Each bogie has 
three coupled axles. The engine will 
draw a 100-ton trtkin at a speed of 
twenty-five miles per hour on a 2-5 per 
cent, gradient. The draw bar pull on 
this gradient is about 5 tons. The 
maximum tractive effort at the rim of 
the driveis is 10 tons. One of the 
bogies is shown in Fig. 191, and a com- 
plete view of one of tlie locomotives in 
given in Fig. 192. The motor, it will 
be observed, is placed at one end of 
the bogie, and it transmits its power 
through gearing on to an intermediate 
shaft which is coupled by means of a 
crank to the side drivers. Each loco- 
motive is propelled by two motors, one 
on each bogie, and the capacity of each 
motor is 300 h.p. The speed is 700 
revolutions per minute, the voltage 220, 
and the periodicity 25 cycles per second. 

The motors are of the natural air- 
cooled type, and there are no resistance 
connections between the armature wind- 
ings and commutator segments. It will 

be noted that the motors are fairly p,^ i9-._The Saiigraben Viaduct, 

high speed machines. Their weight, 

exclusive of the gear and gear casing, is 4,700 kilos. An illustration of one of the 
motors is given in Fig. 193, and a diagram of connections for one of the locomotives 
in Fig. 194. 

This is fairly simple to follow, but it may be well to point out the main parts. A, 
and Ai are the current collectors, B the choking coil, D a high-tension relay, F the 
high-tension switch, Em the overload coil for the high-tension switch, M the release 
magnet, Sit and Si'a fuses, H high-tension switches coupled with the current collectors, 
H6 the lightning arrester, Ki and Ka controllers, Li and La vacuum brake motor 
switches, Ml and Ma emergency press buttons for operating the main high-t«nsion 

M 2 
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switch, Ngr and NiZ vacuum pump motors, Oi and O2 heavy current relays for the 
main motor circuit, Pi and P2 main motors, R preventive coil for avoiding breaking 
the main motor circuit when the connections are changed, Si to Sg contactors, 
We resistance in series with Ughtning arrester, and C the lamps and heating 
apparatus. 

The illustration. Fig. 195, shows the dam at Wiener bruck on the way to Annaberg, 
and Fig. 196 a viaduct and inclination of the line in a valley. Fig. 197 shows the 
Saugraben viaduct. 



CHAPTEE VI 
THE MARTIGNY-ORSlfiRES RAILWAY 



This is a Swiss railway extending from Martigny to Orsiferes. There are inter- 
mediate stations at Martigny-Bourg, Martigny-Combe, Bovemier, and Sembrancher. 
The railway is about 19-3 km. long, and constitutes an exceedingly interesting 
example of single-phase working. 

The passenger trains are usually made up of one motor coach and one or two 
trailer coaches, and run at a speed of 30 to 45 km. per hour, according to gradient. 
Motor coaches are also employed for the 
goods traffic, and are capable of hauling a 
total weight of 130 tons at a speed of from 
15 to 25 km. per hour. It was specified, how- 
ever, that when carrying a weight of 20 tons 
the goods motor coaches were to be capable 
of attaining the same speed as the passenger 
motor coaches, so that they could be used 
for carrying passengers if desired. It was at 
first proposed to use continuous current at a 
pressure of 2,400 volts, measured between the 
rails and the overhead wire. Upon further 
investigation, however, it was found that a 
higher pressure was desirable, and eventually 
an 8,000-volt single-phase system was decided 
upon. In the first instance it was intended 
to adopt a periodicity of 25 cycles per 
second, but in consequence of the recom- 
mendations of the Schweiz Studienkommission 
for the Working of Electric Railways, which 
were issued before the work was begun, a 
periodicity of 15 cycles per second was cwiopted. The whole of the electrical work 
for this railway was carried out by Brown, Boveri &, Co. 

Originally it was intended to take power from a large hydro-electric station in 
the neighbourhood of Orsi^res, which supplies current to electro-chemical works, but 
this plan was abandoned. At present current is derived from a station belonging to 
the Soci6t6 d'Electrochimie, at Martigny-Croix. At the outset one of the 10,000-volt 
25-cycle generators in this station was used for supplying the current to the railway 
at 8,000 volts and 15 cycles. In order to obtain the lower periodicity and voltage, 
the speed of the machine was reduced by cutting out some of the nozzles of .the 
turbine. This produced the correct periodicity, but the pressure corresponding to 
the lower speed of the generator was only 6,000 volts, and, consequently, the use 
of a 400-kw. auto-transformer became necessary to raise the voltage to 8,000, as 
needed for the railway. This arrangement, however, did not give altogether satis- 
factory results, and a new generating set giving the correct periodicity and voltage 
has now been erected. The set has a capacity of 600 kw., and was constructed by 




Fig. 198.— Bracket Pole. 
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Brown, Boveri & Co. The governing gear enables the pressure to be maintained 
within 5 per cent, of the normal working pressure. 

The overhead equipment is simple. The conductor consists of a round copper 
wire having a section of 50 sq. mm. For the single suspension system on the sections 
of the railway in the open country wooden poles are used for supporting the overhead 
wires. Brackets constructed of IJ in. piping are attached to these polea in the manner 
indicated in Pig. 198. On straight lengths of track these poles are spaced 35 m. apart. 

From the illustration. Fig. 198, it will be seen that the height of the overhead 
wire above the rail is 6 ra. In the streets, however, the height of the wire is increased 
to 7 m., whereas in tunnels (see Figs. 199 and 200} it is reduced to 4-9 m. In this 
system of suspension three separate insulators are interposed between the conductor 
and he brackets. The cross or span wire, which supports the conductor, is insuated 
from the brackets by means of grooved porcelain insulators, whilst the insulators 



^ 



Flo. 199.— Method at Supporting Wire in Tunnel. Fro. 200. — Entrance to Tunnel- 

between the cross-wire and conductor are of hard rubber. In the neighbourhood of 
the stations a simple catenary system of suspension is adopted, as shown in Figs. 201 
to 203, and where several tracks come together the catenary wire is supported on 
cross-supports constructed of stiffened piping. These cross-supports carry double bell 
insulators, which support a steel-stranded catenary cable having a section of 
36 mm. The conductor is carried by vertical droppers, which are spaced 3 m. apart. 
Where this catenary system of suspension ia adopted the poles are spaced 50 m. apart, 
except at places where curves and sidings demand a smaller distance. The sections 
of the overhead wire passing through the stations can be cut off from the -main track 
by means of an oil switch, and wooden section dividers are interposed in the overhead 
conductors at the ends of the stations. Under normal conditions, however, these 
section insulators are short-circuited. The wires which connect the station overhead 
conductors with the main track conductor, and which are branched off at each side 
of the section insulators just referred to, are carried on the masts which support the 
main conductors. The two ends of these branch wires terminate in an oil switch, so 
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that when the Utter i8 opened the trolley wire in the station Ib cut off from the wire 
on the main track. The feeder wires are also connected to a similar switch. 

These switches, together with the Ughtmg transformer, are enclosed in a switch- 



Fio. 201. — Stntion and Switch-Box at Martigny-Bourg. 

hox, as shown in Figs. 201 and 204. The switch-boxes are placed opposite the station 
buildings, as shown in Fig. 201, so that they are in full view of the station officials. 
Red and green signal hghts are fixed in two apertures in the front of the box, so that 



Fio. 202.— OreiSree Statior 



at night the station officials can see whether the switches are opened or closed, and 
so determine what tracks are alive or dead. In the event of a section being switched 
out on account of trouble, it is the duty of the station officials to give the signal for 
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tlie train about to enter the dead section to be brought to a standstill. When a section 
is switched off it is earthed so that the wire can be handled with perfect safety. 
The loading and siding tracks of the larger stations can also be separated from 



FlO, 2(W. — Passenger and Goods Train. 

the main tracks. Fig. 205 shows a different section switching arrangement as 
used at Orsiferes. The rails are bonded together at every 100 m., in accordance 
with the special method of bonding adopted by Brown, Boveri & Co., the bonds con- 



PlO. 204.— S«ilch-Box nt Marti gny-Bourg. FlO. 205.— Section Switch at Oreiferes. 
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sisting of 8 mm. copper wires. The maximum drop, including that in the return 
feeders connected to the rails, is about 12 per cent. For hghting the stations a 



Fig. 206.— Draoce Bridge. 

pressure of 100 volts is employed, and current is taken from the secondary side 
of the transformers situated in the switch-boxes. The captujity of these trans- 
formers ranges from 1 to 2 kilovolt- 
amperes. At stopping-places where there 
are no switch-boxes the lighting trans- 
formers are fastened to the masts which 
support the overhead conductor. The 
cables for lighting the stations are carried 
underground to the distribution board 
in the station buildings. AH the stations, 
as well as the chief depot, in Orsiferes 
are connected together with a telephone 
system, the wires for which are carried 
on the masts which support the working 
conductors of the railway. A good idea 
of the simple character of the overhead 
construction in the open country can be 
gained from Fig. 206, showing a bridge 
at Drance. Fig. 207 shows the over- 
head lines at a siding. 

Originally, the rolling stock consisted 
of two passenger motor coaches, two 
goods motor wagons, two passenger 
trailer coaches and four ballast wagons. 

The motor bogies for the passenger and ^'"'- 207.-O.erhead Equipment. 

goods wagons are identical. The wheel-base measures 2,500 mm., whilst the diameter 
of the wheels is 1,150 mm. An ilhistration of one of the motor bogies is given 
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in Fig. 208. Each bogie truck carries a sheet iron box lined with asbestos, in which 
the low voltage cut-outs of the motors are placed. The bodies of the coaches are 
constructed of oak and pitch pine, and the frames of iron. Westinghouse automatic 
and non-automatic brakes are employed, and also a hand brake. Owing to the 
special system of control, which will be described presently, the spaces between the 
motor bogies of the motor coaches has been kept perfectly free from brake levers, 
so as to allow ample space for the electrical control equipment. With this object 
two separate brake lever systems are placed at each end of each motor coach, and 
are actuated from a 10-in. brake cylinder, and each supplies air to the shoes of the 
bogie truck to which it belongs. These cyhnders are put into operation by wires, 
so that the brakes can be applied to all the shoes of a motor coach from both 
platforms. The main air containers for Westinghouse brakes are placed on the roofs 
of the motor coaches, as shown in Kg. 209, and are constructed in the form of pipes 



Fig. 208. — Motor Bogie. 

which also serve to support the current collectors. Compressed air is also used for 
the sanding device and the whistles. 

The passenger motor coaches are provided with a driver's compartment at each 
end, and next to each of these there is an entrance for the passengers. There are 
two third-class compartments, one smoking and the other non-smoking. In addition 
there is a second-class compartment capable of seating eight passengers, and a baggage 
compartment with the usual postal arrangements. The four-axle passenger trailer 
coaches are very similar to the motor coaches, except, of course, that there are no 
driver's compartments. Two-axle trailer coaches are also used on this railway. As 
already stated, it is possible to use the goods motor coaches for passenger service, 
and, as will be gathered from Fig. 210, the goods coaches are provided with passenger 
compartments. In addition to the space for goods, and the accommodation for the 
postal service, there are two third-class compartments with a total of sixteen seats. 
As regards the other equipment, such as brakes, bogie trucks, etc., this corresponds 
to that of the passenger motor coaches. The internal equipment foi all coaches 
conforms with that of the Swiss Federation Railways. All the rolling stock was built 
by the Schweiz Waggenfabrik Schlieren A.G., and the electrical equipment by 
Brown, Boveri & Co. 
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Perhaps the most interesting feature of this railway is the type of motor used 
on the motor coaches. It ia the I>6ri repulsion motor, developed by Brown, Boveri 
& Co. Briefly stated, the etator winding is entirely independent of the armature, 
and is suppUed with current at a constant pressure, and speed variation is effected 
by shifting the brushes. The armature is provided with two sets of brushes, one 
of which is fixed and the other movable. The movable brushes are connected to the 
fixed brushes by flexible cables. To bring the armature to rest the movable 
brushes are shifted so as to be in line with the axis of the stator, but by turning this 
set of brushes out of this position the armature is made to revolve, and the direction 
of rotation is opposite to the direction in which the brushes are turned. The normal 
working range of the motor lies between four-sixths to five-sixths of a pole pitch, or 
between 120 to 150 degrees. When a movable brush shifts away from a fixed brush, 
electrical conductivity is preserved between the two. When the brushes are brought 
together there is no difference of potential between them, and under these conditions 



Fio. 209. — PaBBenger Motor Coaoh. 
no current flows in the armature. Thus, the only current taken is the magnetising 
current, so that the conditions that exist correspond to those which prevail when the 
primary of a transformer is connected across the mains and when there is no load on 
the secondary circuit. 

But as soon as the movable brushes are shifted away from the fixed brushes a 
difference of potential between the fixed and moving brushes is produced, and since 
they are connected together a current Hows in the armature turns lying between the 
brushes that are connected. The Deri motor has series characteristics, that is to say, 
the number of revolutions drops with an increase in load. With different brush 
positions different characteristics are obtained entirely analogous to a series-wound 
motor working with various voltages, and the number of revolutions increases with 
the brush displacement. If we consider the torque with respect to the brush position 
at the same number of revolutions, then the torque increases with the brush displace- 
ment, so that the torque is greater the lower the speed, and is greatest at starting. 
The starting torque can be made much greater than the normal running torque. 
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Generally epeaking, ordinary D^ri motora develop a starting torque about two 
and a half times greater than the normal running torque. The efficiency for different 
loads is about the same as that of a series motor, and within the usual ranges of working 
load the power factor compares favourably with that of a series machine. From the 
foregoing it will be gathered that the whole of the speed variation is carried out 
by displacing the brushes. The Deri motors employed on the Martigny-Orsiferes 
Railway are four-pole machines, and are designed for a pressure of 500 volts and a 
periodicity of 15 cycles per second. The hourly rating is 90 h.p,, the weight inclusive 
of gearing being 2,500 kilos. Each passenger motor coach is fitted with four motors, 
and the same applies to the goods motor coaches. In order to fulfil the different 
conditions called for as regards speed, however, the gear ratio in the case of the 
goods trains is I to 3-28, and in the case of the passenger trains I to 2-53. 

The illustration. Fig. 211, shows the arrangement of one of the D^ri motors 
and gearing, and Fig. 212 the electrical connections for one of the motor coaches. 



FiO. 210. — Qooda and Pai^HengGr Motor Coach. 

The current is taken from overhead conductors by two pneumatically operated pen- 
tagonal current collectors. The current then passes into the primaries of the two 
transformers marked T, and then to earth by way of the rails. As usual, a lightning 
arrester and choking coil are connected to the main high-tension cable leading to the 
primaries of the transformers. A single-pole maximum cut-out is also connected in 
series with the high-tension primary circuit. It will also be noticed that there is a current 
transformer Si connected to the ampere meters, and trip gear for opening the main 
switch. We will neglect these minor details for the present, however, and pass on 
to the system of control. 

Each transformer has a capacity of 130 kilovolt-ampercs and a ratio of 16 to 1, 
since the primary pressure is 8,000 volts and the secondary pressiire 500 volts. Inspec- 
tion of the diagram reveals the fact that the four atator windings of the motors are 
connected in parallel and across the secondary windings of the transformers, two 
Btator windings being in parallel with one transformer and two with the other. Cut- 
outs are interposed in each of the stator circuits, and also switches. These switches 
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are operated with compressed air, and serve for ewitehing oflE the stator circuits when 

the motors are not working. The controlling valves of these switches are enclosed 

in the controllers, and are so arranged that as soon as the controller handles are moved 

from the stopping position the stator switches are automatically closed. Similarly, 

when the controllers are moved to the 

stopping position, the switches are 

opened. Thus, whenever ■ the motor 

coaches are hrought to a standstill, the 

stator circuits of the motors are made 

dead, and the no-load losses in the 

motors are therefore reduced to a 

minimum. 

Although the stator circuits are 
broken every time the controller is 

turned to the of! pMition, the main ''»■ ^H-Motor ,ni G..ri.g. 

transformers still remain energised, this being desirable on account of the fact 
that current is needed whilst the trains are standing in the stations for working 
the air pump and for heating. The Westinghouse air compressor is worked by a 
5-h.p. D6ri motor. An automatic switch, which operates under the influence of 
the compressed air, starts and stops this motor, so that the pressure of the air is main- 
tained more or less constant. The heaters, which consume 600 watts at a pressure 




Fig. 212. — Connections for Passenger and Goods Motor Coacli. 

of 500 volts, are distributed in groups underneath the seats of the passenger coaches. 
A separate tramsformer is used for lighting purposes, and this reduces the 8,000 volts 
to 36 volts, the latter being the pressure at the lamp terminals. We will now turn to 
the mechanism which is used for displacing the brushes of the main driving motors. 
It will readily be understood that since the only function which the controller 
has to perform in connection with the main electrical circuit is that of openiag and 
closing the atator switches, the control gear is of a very simple character, and that 
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no trouble is likely to be met with in connection with arcing. From the illustration, 
Fig. 213, the general principle of the controllers will be understood. It will be seen 
that the act of turning the controller handles C (Fig. 212) causes a horizontal shaft, 
which is situated under the coach, to revolve, and this, in turn, transmits the motion 
to the brush gear of the various motors through the medium of a chain. The whole 
of the control gear is exceptionally simple, and is said to have proved perfectly reliable. 
The gear ratio employed is such that six revolutions of the controller shaft corresponds 
to a brush displacement from the point of zero speed to full speed. Moreover, owing 
to the fact that every precaution has been taken to reduce friction to a minimum, 

the controller handle can be turned with great ease, 
since very Uttle power for moving the brush shafting 
gear is needed. 

In order that the diagram. Fig. 212, may be 
properly understood, reference will now be made to 
various lettered parts in detail. Ammeters are shown 
at AA, voltmeters at VV, lamps at D, plugs for use 
in connection with Hghting the trailer coaches at F, 
heating connections for trailing coaches at G, com- 
pressor and heating circuits at H, lamps for instruments 
at \jy compressor switch at K, hghting transformer at 
L, main motors at M, motor compressor at Mk, 
maximum current cut-out and emergency switches at N, inductance coil at O, valve 
for raising and lowering current collectors at R, stator switches for motors at S, 
valves for controUing these switches at Sv, brake manometer at BM, the automatic 
compressed air governor at U, and the heaters at W. 

The weight of the complete electrical equipment amounts to about 17" 8 tons, 
and this appUes both to the passenger and goods coaches. Ever since the railway 
was taken out of the contractor's hands, which was in September of 1910, every- 
thing has worked perfectly satisfactorily, and the system of control adopted has 
met all expectations. Some doubts were expressed at first as to the advisabiUty 
of adopting this system of brush displacement for controUing the speed, and those 
who criticised the scheme pointed out that there was a possibiUty of the brush 
displacement not being exactly aUke on all the motors, and that the load would 
not be equally distributed in consequence. Experience has shown, however, that the 
brushes on the different motors move synchronously, and that the gear works quite 
evenly. It appears that some slight trouble was experienced at first with the bearings, 
but this was simply due to the use of an unsuitable lubricant ; but all troubles of this 
kind have now been eliminated. 




Fig. 213.— Controller. 



THE VALLE-MAGGIA RAILWAY 

The Valle-Maggia Railway (Locarno Ponte-Broila-Bignasco) was opened in the 
autumn of 1907, and was the fibrst single-phase line put into operation in Switzerland. 
In the streets of the town of Locarno the pressure on the track is only 800 volts, but 
in the open it is 5,000 volts. The periodicity is 25 cycles per second. It will be 
understood that this practice does not involve compUcations such as are met with on 
railways where the trains have to work on two distinct systems, and where direct 
current is used in the suburban area. On the contrary, the employment of two 
voltages simply necessitates a suitable arrangement of the primary windings on 
the main transformer. With a view to safety, the overhead wire in the neighbour- 
hood of the town has been placed 6 m. above the rails, whereas on the open lines 
running through the country the distance between the wire and rails varies from 
4.1 m. to 4.7 m. 

Originally the line was worked entirely with motor coaches, each equipped 
with four 40-h.p. motors, and capable of drawing a 55-ton train at a speed of 40 km. 
per hour on the level. Owing to the increase in the goods traflSc, however, the employ- 
ment of a locomotive became necessary, and an order for a 250 h.p. engine was placed 
with the OerUkon Company. It is capable of drawing an 85-ton train at a speed 
of 35 km. to 40 km. per hour on the level, and the hauling power on the draw bar 
amounts to 3,600 kilos. Measured over the buffers the total length is 7-45 m., whilst 
the length over the body is 6-55 m. The wheel base measures 3-3 m., and the height 
above the rails is also 3-3 m. The weight of the electrical equipment with gearing 
is 9-3 tons, and the total weight 20-8 tons. The gauge is 1 m. 

The bow collector to be seen in the illustration of the locomotive, Fig. 214, is 
only used when the locomotive is passing through the town sections of the railway, 
whereas when it is passing through the open country the current is collected from 
the 5,000 volt wires by means of two rod current collectors which are fixed above 
each driver's platform. These collectors are to be seen in the illustration, Fig. 214, 
but in this instance they are lowered so as to be out of contact with the overhead 
wire. In Fig. 215, however, the rod collectors are shown in use, and it will be noticed 
that they slide along the wires laterally. The rods are made of steel tubing, and have 
inte changeable brass contact pieces. They are pressed on to the trolley wires 
by means of a spiral spring, and the rods can be raised or lowered by the hand 
wheel to be seen on the ceiUng of the driver's compartment in Fig. 216. An inter- 
locking arrangement prevents the collectors from making contact with the overhead 
wire whilst the door of the high-tension chamber is opened. Similarly, the door of 
this chamber cannot be opened until the current collectors are out of contact with 
the overhead conductor. 

The bow used for collecting the current whilst the locomotive is passing through 
the town sections of the railway can also be raised and lowered from the driver's 
compartment, and whilst the locomotive is passing through the cross country the bow 
is locked by a safety fastening device, so that there is no possibility of it coming into 
contact with the wire whilst the current is being taken up by the rod current collectors 
fixed over the driver's cabins. 
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Fig. 214. — 250 h.p. Oerlikon Locomotive. 



Fio, 215.— Oerlikoii Locomotive Ilauliiig Train on 5,(Hm-volt Ijne, 
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In accordance with the builder's usual practice, a geared motor is employed, 
the pinion of which meshes with a spur wheel on the intermediate or jack shaft. 
The method of transmitting the power from this shaft to the driving wheels is 
clearly shown in Fig. 214. The two cranks on the intermediate crank shaft are set at 
an angle of 90 degrees with respect to one another, and the crank shaft is driven by 
the motor through heUcal gearing having a ratio of 1 to 3-9. The gear wheels are 
190 mm. wide, the diameter of the pinion being 240 mm., and that of the wheel which 
meshes with it 936 mm. There is a driver's compartment at each end of the loco- 
motive, where the control gear for the 800 and 5,000 volt circuits is placed. One 
motor and one transformer serve for both these pressures. 

Hand-operated and compressed air brakes are provided, and they act together 
on the four brake shoes. For the purpose of supplying compressed air to the brakes 
of the trailing coaches, the necessary 
pipe couplings are provided at each end 
of the locomotive, as shown in Fig. 214. 
The compressed air is derived from a 
small Westinghouse motor-driven com- 
pressor, which also provides the supply 
of compressed air to the sanding gear. 
The air containers for the brakes and 
sanding device are fixed in the low- 
tension compartment, and the pressure 
of air is controlled in the customary 
manner. An electrical brake is also 
fitted. The indicator to be seen in the 
upper part of the illustration, Fig. 216, 
enables the driver to ascertain the 
speed at which the locomotive is travel- 
ting. This instrument is placed so that 
it can he seen from either end of the 
locomotive. It will be gathered the 
speed indicator faces one end of the 
passage communicating with the two 
ends of the locomotive. 

Turning now to the diagram of con- p,Q 2I6.— Driver's Compartment, 

nections shown in Fig. 217, the current 

passes from the 5,000-volt trolley wire to a choking coU S, and from there to a current 
transformer SiA and then to the high-tension switch 0. From this switch it next passes 
to the high-tension winding of the main transformer T, and finally reaches earth by 
way of the rails. The earth wire in this diagram is marked EL. A circuit, branched- 
off from the right-hand current collector R, serves to protect the electrical equip- 
ment from the effects of Ughtning, this circuit containing a fightning arrester BS, 
and an earthing resistance EW. The bow current collector for taking up the 
current from the 800-volt trolley wire is shown at the centre of the upper part of 
the diagram, and here again a circuit is branched off from the 800-voIt wiring to 
protect the apparatus from lightning discharges. But this branch circuit merely 
contains a Ughtning arrester BS. The main high-tension switch for the 800-voIt 
circuit is shown at 0', and, hke the 5,000-volt switch 0, it is constructed as a two- 
step switch, the object being to avoid rushes of current when the circuits are first 
closed. 
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When the moving members of the switches are put in the first position, a resist- 
ance is connected in circuit, and this naturally limits the first rush of current. On 
moving the switch handle to the second contact, however, this resistance is short- 
circuited, and the transformer and motor are then directly connected across the trolley 
wire and rails. The high-tension switches are closed by means of a hand wheel on the 
wall of the driver's compartment. Relays Re, connected to the current transformers 
Sth, automatically release the high-tension switches O and O^ when the current exceeds 
a predetermined value. As is customary on single-phase locomotives, the main oil 
switches may also be opened by merely pressing a button, as shown at DD, this opera- 
tion completing a circuit through the relays Re and allowing current to pass into 
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Fig. 217. — Connections of Oerlikon 250 h.p. Locomotive. 



the release magnets from the current transformers Sth, The press button is to be 
seen on the wall in the illustration, Fig. 216. 

To avoid mistakes the high-tension switches O and O^ are interlocked, so that 
it is impossible to close them both together. The main transformer T is con- 
structed with vertical cores, and has two primary windings, one for current at 
6,000 volts and the other for 800 volts. It is a natural air-cooled transformer 
with a capacity of 205 kilovolt-amperes. The 800-volt primary windings are fixed 
close to the cores, whilst the 5,000-volt windings are situated outside the lower 
voltage windings. It will be seen from the diagram that the 5,000-volt primary 
coils of the transformer are connected in series, whilst the 800-volt coils are in parallel. 
Moreover, when the locomotive is working on 800 volts, the secondary windings of 
the transformer are connected in series with the 800-volt primary windings, so that 
under these conditions the transformer is working as an auto-transformer. The 
lower voltage or secondary windings are divided into ten sections, each giving a pressure 
of 29 volts. From an inspection of the diagram it will be seen that sections Nos. 2 to 10 
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are connected with the contacts of the jegulating drum RW of the controller. The 
voltage is controlled in accordance with a system which the Oerlikon Company has 
adopted on various other electric locomotives. 

Instead of the leads of the main controller RW being connected directly to the 
motor they are led to the two ends XY of a preventive coil AT, the middJe point 
of which is connected to the motor through the reversing switch UW. The object 
of this auto-transformer or preventive coil is, of course, to avoid breaking the circuit 
on the main controller when the moving contacts shift from one position to another. 
The principle will be understood from the small lower diagram on the left of Fig, 217. 
Here one end of the secondary winding of the main transformer is earthed at E, and 
likewise one terminal of the motor. The other terminal of the latter is connected to 
the centre point of the auto-transformer AT, which in turn is connected to the 
middle of the secondary winding of the main transformer, and it is evident that if 
the lower lead of the auto- transformer is connected to various tappings in the 
secondary of the main transformer by means of the controller, the voltage at the motor 
terminals can be changed without braking the motor circuit. The letters on this 
small diagram have reference to the same parts as in the main diagram. M is the 
motor, Er the main exciting winding, C 
the compensating winding, H the com- 
mutation winding, and SA a shunt con- 
nected across this winding, whilst A is 
fin ammeter and V a voltmeter. 

This system of control corresponds 
to that adopted by the OerUkon Com- 
pany on the locomotives built for the 
Seebach-Wettingen Railway and also for 
the Rhsetian Railway. The controller, 
which is shown in Fig. 218, is fixed in a 
horizontal position, and is placed above 

the motor, and the shaft to be seen at Fig. 218.— Controller. 

the top in Fig. 218 runs right through 

the locomotive and is connected to a hand wheel in the drivers' cabins, as shown 
in Fig. 216. The motor is a series compensated machine with commutating poles, 
and has an hourly rating of 250 h.p., the speed ranging from 500 to 1,100 revo- 
lutions per minute. The casing of the motor is divided into two, so that the upper 
half of the stater can be lifted off and the armature removed. The stator carries three 
distinct windings, (o) the main exciting winding in aeries with the armature, (h) a short- 
circuited compensating winding, and (c) the reversing field or commutating winding. 
There are no resistance leads between the armature windings and commutator 
segments. The connecting lugs are made of copper and of ample section to avoid all 
heating. Many claims are made for the OerUkon single-phase commutator motor. 
It is said to lie less sensitive to variations in periodicity than most single- 
phase commutator motors. In the case of the machine now under consideration 
a variation in periodicity from 14-5 to 20 cycles per second makes fittle difference 
in the commutation provided that the shunt across the commutating winding is 
suitably adjusted. 

This was the first locomotive which the OerUkon Company fitted with an 
electric braking system, but, notwithstanding, the scheme proved quite satisfactory. 
The motor connections which exist when the electrical braking system is appUed 
are to be seen in the small right-hand diagram in Fig. 217, where BW is the brake 
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resistance. The other letters correspond to the same parts as shown in the small 
lower diagram on the left of Fig. 127. With the aid of this electrical braking system 
the locomotive can be brought to a standstill, and it will be understood that the electric 
brake can work without the use of Une current, and that when the braking resistance 
short-circuits the motor, the latter becomes a dynamo and generates continuous 
current. This it does without the least sign of sparking. The electric brake is 
brought into use by the reversing drum of the controller, which has five positions, 
marked " stop," ** forwards," " brake forwards," ** backwards," and " brake 
backwards." 

The only auxiUary machine carried by the locomotive is the Westinghouse air 
compressor, which is driven by a 5 h.p. repulsion motor, shown at K in Fig. 217. This 
motor starts and stops automatically, and keeps the pressure of the compressed 
air at the desired value. The automatic switch is shown at Au, but a hand-operated 
switch Su is also fitted, so that the motor can be put into operation by hand in the 
event of anything happening to the automatic gear. 

For lighting and heating purposes current is taken from the main transformer 
at pressures of 200 to 250 volts, the lighting circuit plugs being shown at LK and 
those for heating at H^K. The locomotive fighting circuit is marked Lz. 



THE RH.ETIAN RAILWAY 

A POETION of the RhEetian Railway has been electrified. The railway traverses 
the Engadine district of Switzerland, and the electric lines extend from Severs to 
Schuls, from Bevera to St. Moritz, and from Samaden to Pontresina. The distance 
between the two first-mentioned places is 491 kilos., that between Severs and St. 



Pio. 219. — Eight- Wheeled Brown-Boveri Electric Locomotive. 

Moritz 73 kilos., and between Samaden and Pontresina 53 kilos. The maximum 
gradient is 2'5 per cent., and the maximum curve radius 150 m. At Severs there is 
a sub-station where three-phase current at 23,000 volts and a periodicity of 50 cycles 
per second is converted into single-phase current at a pressure of 11,000 volts and a 
periodicity of I6| cycles for use on the railway. The three-phaae-eurrent is derived 
from the Brusio Supply Company. In this sub-station there are two 1,300 kw. 



182 SINGLE-PHASE ELECTTRIC RAILWAYS 

converters, connected with a fly-wheel and direct-current machine, the latter working 
in conjunction with a battery of 242 cells, and having a capacity of 1,268 ampere- 
hours. . In this way the fluctuating load of the railway is equaUsed, and the load 
on the generators in the power-bouBe is more or less steady. 

On the Bevers-Schuls line there are stations at Bevers, Ponte-CampovMto, Madulein, 
Zuoz, Scanfs, Cinuskel-Brail, Zemez, Sus, Lavin, Guarda, Ardez, Fetan, and Schuls- 
Tarasp. Switch boxes have been erected at Zuoz, Cinuskel-Brail, Zemez, Siiz, and 
Ardez. Sheds for accommodating the rolling stock have been erected at Zemez and 
Schuls-Tarasp. On the line from Bevers to St. Moritz there are stations at Bevers, 



FlO. 220, — Twelve -Wheeled Brown-Boveri Electric Locomutive. 

Samaden, Celerina and St. Moritz. Finally, on the line from Samaden to Pontresina 
there are stations at Samaden, Punt Muraigl, and Pontresina. 

The general appearance of the overhead wires in the open section of the line 
can be gathered from Fig. 220, from which it will be seen that there is a carrying cable 
and contact wire. The normal length of the spans is 60 m. A simple suspension system 
is adopted in tunnels. The section of the copper conductor and also that of the steel- 
carrying wire is 80 sq. mm. For supporting the overhead wires lattice masts are used. 
In the stations there are cross supports, Whilst in the open the masts carry iron brackets. 
The normal height of the contact wire above the surface of the rails is 55 m., the maxi- 
mum height — in stations— 63 m., and the minimum height— in tunnels and under 
bridges — 4- 15 m. The current returns to the converters by way of the rails, which are 
connected to the supply system by a copper conductor having a section of 100 sq. mm. 
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Several firms have built single-phase locomotives for this railway. Brown, 
Boveri & Co. supplied seven engines of the 1-B-l type, as shown in Fig. 219, and one 
of the 1-D-l type, Fig. 220. The length of the former type, measured over the buffers, 
is 8-7 m., and the width of the body 263 m. The fixed wheel base is 2,500 mm. 
The diameters of the driving and running wheels are 1,070 mm. and 700 mm. 
respectively. When ready for service the total weight of a 1-B-I locomotive is 37 
tons. Only one motor is used for propelling the 1-B-l engines. It is a Deri motor, 
as used on the Martigny-Orsiferes Rail- 
way and on other single-phase lines. 
The one-hour rating of the motor is 
300 h.p., this being the power avail- 
able at the ciroumference of the wheels 
at a speed of 28 kilos, per hour and 
with 950 volts at the terminals of the 
motors. The motor is erected high 
up in the body of the locomotive, and 



Fig. 221.— Motor Compartment. Fia. 222.— Driver's Compartment. 

all troubles arising from a low centre of gravity are thus avoided. As explained 
elsewhere (see the Martigny-Orsiires Railway), the speed of the Deri motor is 
entirely controlled by brush shifting, and it is therefore unnecessary to provide tappings 
on the secondary side of the transformer for regulating purposes. Hand and 
vacuum brakes are fitted to all the locomotives under consideration. Fig. 221 shows 
the motor and Fig. 222 the driver's compartment. 

For lighting purposes a small motor generator is used which works in conjunction 
with a aniall storage battery, in accordance with the Brown-Boveri system. The 



184 



SINGLE-PHASE ELECTRIC RAILWAYS 




THE RHiETIAN RAILWAY 185 

pressure applied to the lighting circuit is only 18 volts. Each of the driver's compart- 
ments is heated by means of an electrical heater, each consuming 300 watts. The 
average speed for passenger trains is 28 kilos, per hour, and the maximum speed 
45 kilos, per hour. Trains hauled by these locomotives weigh 90 tons, and they are 
capable of carrying a load of 53 tons. As will be gathered from the illustration, 
Fig. 219, power from the motor is transmitted to an intermediate shaft between the 
driving axles, and then to the driving wheels by means of side coupling rods. There 
is no gearing. 

Since the pressure on the overhead wire is 11,000 volts and that at the terminals 
of the motor only 950 volts, a transformer is necessary. It is an auto-transformer, 
and has a capacity of 415 kilovolt-amperes, 60 kilovolt-amperes of which is utilised 
for heating the train. It gives two pressures, 950 volts for driving the main motor 
and 300 volts for heating and other auxiliary purposes. A blower is connected to the 
shaft of the lighting converter, and the air from this blower is used for cooling the 
main motor and transformer. The current collectors, which are of the pantograph 
type, high and low tension switches, sanding gear, and whistles are pneumatically 
operated, the compressed air being derived from a small air compressor. 

The electrical equipment of the 1-D-l locomotive differs from that of the 1-B-l 
tjrpe in that there are two 300 h.p. motors instead of one. A complete diagram of 
connections for this type of engine is given in Pig. 223. Locomotives were also built 
for this line by the A.E.G. Company and the Oerlikon Company. 



THE LOTSCHBERG-SIMPLON RAILWAY 



With the opening of the line from Frutigen to Brigue on the Lotschberg Railway 
on June 28th, 1913, an important and diflScult midertaking was completed and direct 
connection between Paris, Beme and Milan established. The history of this wonderful 
piece of work was described fully in articles in The Engineer for November 10th 
and 24th, 1911 ; and to those articles the reader should refer for details of construction 
and information concerning the advantages the line is expected to offer. 

It is hoped that the main traflSc to and from Italy will now pass through Beme, 

giving a larger proportion of mileage in 
Switzerland and less in France. 

The tunnelling work through the 
Lotschberg was commenced on October 
15th, 1906. Unforeseen diflSculties were 
encountered during the boring opera- 
tions in the Gasteren Valley, where 
layers of glacier rubble were met with 
instead of firm lime rock. A fall com- 
pelled the constructors to abandon their 
original course and to bore round this 
spot, thus making the tunnel 800 m. 
longer than it would have been had this 
trouble not presented itself. The tunnel 
(see maps, Figs. 224 and 225, and the 
profile of the line, Fig. 226) is 146 kms. 
long. It was completed on March 31st, 
1911, and the next two years were 
devoted to the construction of the rail- 
way itself. 

The track winds from Frutigen 
through the Kander Valley at the 
northern slope of the Bernese Alps, 
passes under them below the Lotschberg 
Pass to the tunnel mouth on the south slope at Goppenstein, and then follows the 
Lotschen Valley and along the slope of Rhone Valley to Brigue, the terminus at 
which it joins the Simplon Une. The gauge of the railway is 1*435 m. (4 ft. 8^ in.), 
and the rails, which are in lengths of 12 m., weigh 42 kilos, per metre, and are laid on 
wooden sleepers. 

For the greater part of the distance the contact line, which supplies current to the 
locomotives at 15,000 volts and at a periodicity of 25 cycles per second, is suspended 
from a simple catenary cable ; it is only on the first part of the line from Spiez to 
Frutigen that an auxiliary wire is used. 

The chief engineering features of the line north of the main Lotschberg Tunnel 
are the lower tunnels, of which there are twelve, and which aggregate a total length 




Fig. 224. — Map showing the Lotschberg 

Railway. 
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of 4,925 m., or one-fourth of the length of the northern approach line. Perhaps the 
most interesting work of all is the great double loop {see Fig. 227). It is in the form 
of a long-wfiisted 8. This spiral begins 
at one end in the open valley, near 
Mittholz, and then after returning about 
4 km. towards Frutigen, ascends the 
second spiral loop in tunnel and turns 
once more direct for Kandersteg. 

From Fig. 227, the cuttings, tunnels, 
embankments, viaducts, dumps, and 

gradings can be followed, and the com- ilwav* 

plication of twists and turns in the r^ Routs ' 

serpentine portion of the line may be tL. 

actually much more easily followed than KJesT*" 

upon the spot. Both the permanent an) 

railway and the contractors' railway are 
shown on this plan, together with the 
progressive kilometric distances of each, 
the radius of curves and the altitudes. 
The juxtaposition of widely varying 
altitudes in certain parts sufficiently 
explains the erratic course of the line. 

It was specified that the maximum _ 275 

gradient should not exceed 2-7 per cent. J 

At one point near Furtin three railway 
lines, all proceeding in reversed direc- 
tions, are actually staged one above the 
other. »r « 

The southern portal of the Lotsch- 
berg tunnel is shown in Fig. 228, and .-* 

the ventilating house at the northern 
portal in Fig. 229. Fig. 230 shows the 

Blausee-Mittholz Station, and Fig. 231 "*Uft«/y) 

the Kandersteg Station. L«-S995 

Let us now turn to the electrical ie-609 

ei^uipment of the Spiez-Frutigen line, ^nfiM. 

which con9titut«s an approach to the 
Lotsch1>erg Railway, and which was 
acquired by the Bernese Alpine Rail- 
way Company in 1907. It is a standard 
gauge line, and is approximately 13-5 
km. long, the steepest gradient being 
rss per cent. The Lotschberg line 
running from Spiez to Brigue is about 
75 km. long, and its steepest gradient is 
27 per cent. At Brigue (see map. 
Fig. 224} the Lotschberg Railway joins 

the Simplon hne, thus forming a portion -f^^ eno.-hb- s-*.n se. 

of the railway connection between Paris, 
Berne and Milan through the Simplon. 
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With the opening of the Lotschberg line, the Spiez-Frutigen section assumed the 
character of an international railway. The line between Spiez and Frutigen is 
equipped with multiple suspension overhettd lines, constructed in accordance with 
the designs of Siemens-Schuckert. On the sidings at the stations, however, a simpler 
form of overhecwi equipment has been ttdopted. As the Siemens-Schuckert overhead 
construction has been dealt with in connection with various lines that have been 
described, it need not be considered in the present instance. The motor coaches, 
however, are of special interest. At the end of the year 1908 the Bernese Alpine 
Company gave an order for three single-phase motor coaches and two 2,000 h.p. 
locomotives. The former are used mainly for local service on the Spiez-Frutigen 
section, but are also used on the Lotschberg line as far as Kandersteg The 
locomotives, on the other hand, are for dealing with goods traffic between Spiez and 
Frutigen, but they are specially designed for running to Brigue on the Lotschberg 
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Fig. 226.— Profile of the Lotschberg Railway. 



Railway, and are consequently built as heavy mountain locomotives. The pressure 
on the overhead conductor is 15,000 volts, and the periodicity 15 cycles per second. 

The Siemens-Schuckert motor coaches, as shown in Mgs. 232 and 233, are of 
the four-axle type. There are two large third-class compartments, each containing 
about thirty-two seats, two driver's compartments at the ends of the coaches and a 
lavatory in the centre. The coaches have a total length between the buflEers of 20*3 m., 
and the breadth gives sufficient space for the provision of four cross seats and a 
central corridor. 

Each bogie, as shown in Fig. 234, has two motors, which are geared to the driving 
axles. The ratio of the gearing is 1 ; 3 '45. Each motor is rated at 230 h.p. for one 
hour, so that the total capacity of a coach amounts to a little over 900 h.p. The normal 
running speed is 45 km. per hour, and the maximum speed 70 km. per hour. The 
tractive eflEort when all the motors are in use and at a speed of 45 km. per hour is 
5,000 kilos., and the maximum tractive effort at starting 7,400 kilos., measured at 
the circumference of the driving wheels. With all the motors in use a motor coach is 
capable of drawing a 240-ton tram on a 155 per cent, gradient at a speed of 45 km. 
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Fio. 228.— The Southern Portal. 



Fio. 22<J.— The Veiitiiatioii House at the Northern Portal. 
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Fia. 230.— Train at Blausee-Mittholz BUtdon. 



Fid. 231. — Eanderateg Station. 



192 SINGLE-PHASE ELECTRIC RAILWAYS 

per hour. For the Spiez-Fmtigen Une, however, two motors provide sullicient power. 
The coaches are fitted with the usual hand and air brakes, the former being so con- 



Fia. 232, — Motor Coach (or the Lotschbei^ Bailway. 

structed that the brake spindle in each of the driver's cabs only controls the brakes on 
the bogies next to the respective cabs. The Westinghouse air brake gear comprises a 



Fia. 233. — Uotor Coach for the Lotachberg Bailway. 

quick action brake and a governing braJte, the latter being provided for use on long 
steep inclines. Each bogie has its own brake cylinder, the piston of which operates 
on eight brake blocks. Each wheel is also equipped with sanding gear worked with 
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compressed air. The brake equipment will be understood from Fig. 235. The air 
ia compressed by an electrically driven piston pump, which is hung under the coach. 
The driver's cab contains the usual electrical control gear, the Westinghouse brake 
valve, the air escape valve, the hand brake wheel, the valves for operating the 



Fig. 234.— Bogie for Single-Phatto Motor Coach, Lotschberg Eailway. 

sanding gear and the whistle. On the back of the cab there is a switchboard, on 
which switches are mounted for controlling the train lighting and heating, etc. 

A diagram of connection for one of the Siemens-Schuckert motor coaches is given 
in Fig. 236. The current collectors are shown at AA, B is the lightning arrester, 
C intermediate resistance, D the choking coil, E earth, F the earthing switch, G the 
high-pressure oil switch, H the high-pressure resistance, J the transformers, K the 
contacto:8, L reversing contactors. Mi, Ma, Ms and M( motors, N auxiliary turns on 
transfoimer, preventive coil for preventing the low-t«nsion circuit being broken 
as the main contactors change the con- 
nections, P current transformer, Q 
maximum current relay, Rcoach heaters, 
Rt heaters for sanding gear, S high- 
tension cut-out, T air pump, U venti- 
lating motor, V motor cut-out, W signal 
lamps, X driver's cab lamps, Y coach 
lamps, a ampere meter, h voltmeter, 
c controlling switch for contactor current, 
d current controlling resistance, e main 
controller switch drums, / auxiliary 
drums (the function of which will be described later), g reversing switch, h main air 
reservoir, i air conduit, k brake pipe, m pressure gauge, n brake cock, Wi govemii^ 
brake valve, o small air cock on air pressure chamber, p' hand lever for oil switch, 
g solenoid for actuating oil switch, qi relay, Si main Ughting switch, Si switch for 
internal lig ting, as switch for driver's cab lamps, s< switch for signal lamps, S; wall plugs 
for signal lamps, as switch for blower, s^ main switch for heating, a^ another switch 
for heating, aio main switch for controlling current circuit, a,, switch for blower and 
air pump, aia multiple switch for cutting oflf motors, sis switch for cutting off motor 
No. 1, si, switch for cutting off motor No. 2, au hand switch for air pumps, 




—Diagram of Braking 
rangeint'nts. 
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»ifl automatic pump switch, 3n circuit breaker for oil switch coil, «ig push button 
for opening oil switch, aw switch for changing the primary connections so as to 
enable the coaches to work with two different voltages, aji switch for motor generator, 
aaa switch for lavatory heating, ( storage battery, wi coupling box for the control 
mains, w^ coupling plug for the heating mains, w.i air pressure coupling for current 
collector, Wi air pressure coupUng for the automatic and governing brake, 
w continuous-current dynamo, Wg automatic change-over switch, w^ induction coil 
for phase splitting, w^ auxiliary winding, Wi induction motor, wio excitation winding. 
Other details need not be referred to. 

It will be gathered that the electrical equipment is divided into two separate 
and distinct sections, and there is a transformer for each group of motors. It has 
been stated that for the Spiez-Frutigen line two motors are sufficient, and this system 
of dividing the electrical equipment into two distinct sections enabled the coaches to 
be fitted with two motors in the first instarce and the remaining two to be added 
later. Since the periodicity is only 
fifteen cycles per second, it has been 
necessary to use a motor generator set 
and battery for the purpose of lighting 
the coaches. 

Ihe current collectors are of the 
Siemens-Schuckert type. From the illus- 
tration, Fig. 237, it will be seen that 
they rest on a frame supported on high- 
pressure insulators. The sliding contact 
piece is made of aluminium and has two 
grooves which are filled with grease or 
other lubricating substance. In accord- 
ance with the usual practice, the bow 
is raised by means of compressed air 
cylinders, two being provided for each 
bow. The construction is such that the „ . ,. 

., , . ■ . 1 1 lo- -'i'- — Curreut CuUector. 

pressure on the bow is approximately 

the same in all positions and amounts to about 35 kilos. When the collector 
is in its lowest position it lies very low down in the frame, as will be seen 
from Fig. 233. Since the air cylinders are connected with the live parts of the 
collector, an insulating tube is interposed in the air supply pipes. The current collectors 
are controlled by means of a cock in the driver's compartment. To enable the driver 
to operate the current collectors in the event of the air pump breaking down a hand 
pump is fitted in each motor coach. 

The lightning arresters fitted to the motor coaches for the purpose of protecting the 
transformers, etc., are of the horn type and, as will be seen from the diagram. Fig. 236. 
they are connected in circuit with a large resistance which is immersed in oil. It 
consists of forty-eight carborundum bars having a total resistance of 2,900 ohms. 
Owing to the exceptionally high pressure used on the overhead line the high-tension 
switches break the circuit in four different places. They are oil switches and can be 
actuated by the coil q from the driver's cabins. Moreover, in order that the current 
may not be applied to the transformers suddenly, the switches are fitted with an 
auxiliary contact which introduces the resistance H into the high-pressure cireuit. 
When the switch is completely closed, however, this resistance is abort circuited. 
The high-pressure switch is opened by the relay qi, which is energised by the press 
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button Sie in the driver's compartment. In cases of emergency the switch can also 
be opened by means of the lever p'. All the high-pressure apparatus is placed in a 
special chamber under the centre of the carriages. The mica insulated high-pressure 
line passes from the roof of the carriage through the lavatory and thence to the high- 
pressure compartment. The latter can only be opened when the bow is lowered 
clear of the overhead Une. 

It is impossible to raise the current collectors whilst the door of the high-tension 
chamber is opened. Each transformer has a capacity of 450 kilovolt-amperes on 
the one hour basis, and serves for two driving motors and auxiliaries. The transformers, 
Fig, 238, are of the oil type, and the windings are enclosed in a corrugated iron case. 
They are hung under the coaches in such a manner that all sides of the cases are exposed 
to the air, and in this way efficient cooling results. It will be seen from the diagram 
that the primary windings of the two transformers are in two parts, and by means of 
the switch sn they can be arranged for working with a pressure on the overhead line 
of either iS.OOO or 7,500 volts. 

In accordance with the scheme adopted by Siemens-Schuckert on other railways, 
the secondaries of the transformers are provided with two auxiliary coils N which 
are connected to the compensating windings of the motors. There are ten main 
contactors for each transformer, of which 
six are used for varying the voltage and 
the remaining four for reversing. The 
contactor switches marked 7 and 8 deal 
with the connections for the auxihary 
turns N. The motors are eight-pole 
series type fitted with reversing poles, 
and are air cooled. The diagram of con- 
nections shows that in accordance with 
the usual practice preventive coils are 
Fig. 2;iS. - 450-KiloTolt-ampere Tranpformer. "**<! >" the secondary circuit of the trans- 

formers, which prevent the current from 
being interrupted when the contactors change the secondary connections. From the 
middle point of these coils the current passes to the measuring transformer F over 
the current relay Q, the cut-outs V. and the reversing contactors L to the motors. 
The current used for auxiliaries is also taken from the transformers, likewise the 
controUing current, at a pressure of 178 volts. Switch sm controls this circuit. The 
air blast motors, which are controlled by the switch sn, are worked at a pi-cssure 
of 109 volts, as is also the motor for driving the lighting set, whilst the current for 
heating is supplied at a pressure of 300 volts. 

The control of these motor coaches is carried out in much the same way as on other 
coaches built by the firm of Siemens-Schuckert. In order to obtain controlling current 
in the first instance the first high-pressure switch is closed by means of continuous 
current from the storage battery. This is effected by turning one of the controllers e 
to the first position I. The other high-pressure switch is then closed by means of 
alternating current. In this position I all the initial connections to the moto;3 are 
also made. An additional drum / has been fitted, which is connected in parallel 
with the main switch drum e. This is for the purpose of obtaining a low traveUing 
.speed. The two drums are actuated by the same hand lever, which can only be 
removed when the main drum of the controller e is in the stopping position. A blower 
is provided for each pair of motors and the air passes through a flexible rubber pipe. 
The blower motors can be switched off at will from the driver's compartments. 
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It is customary to put the blowers out of action in the tunnels owing to the 
moisture in the air, but in order to keep the motors cool the blowers remain in 
operation when the train stops. The air pump for the brakes is driven by an 8 h.p. 
series motor through the medium of tooth gearing. An automatic switch controls 
the starting and stopping of the air pump motor in accordance with the pressure 
of air in the reservoir. Provision is also made for controlling the motor by hand. 
Two groups of radiators are placed under the seats, and these are controlled from the 
driver's compartment. There are eighteen radiators in the passenger compartments 
and twenty-one in the whole motor carriage. They each consume about 500 watts, 
so that the whole motor carriage can be heated with about 10'5 kw. A 100-watt 
radiator is also used in connection with the sanding apparatus. The heaters in the 
trailer coaches are connected up by wires with plug sockets at the end of the coaches. 
Electric energy for heating purposes up to 100 kw. can be supplied throughout the 
train. The heating current is taken from both transformers and the radiators are 
connected to the 300-volt tappings. 

A single wire is used for the heating circuit, the return being through the metal 
work of the coaches. The lighting converter has a capacity of 1*2 kw., and it works in 
conjunction with a storage battery having a capacity of 81 ampere-hours. The 
motor 1V9 of the converter is of the induction type and is started by means of a phase- 
spUtting device. With the aid of the change-over switch 821 it can be connected to 
the 109-volt tappings of either of the transformers. The instruments in the driver's 
compartment comprise a speed indicator, ammeter and voltmeter, which latter, by 
means of a change-over switch, can be connected to the low-tension windings of either 
of the transformers. For the quick action and governing brakes the ordinary 
manometer is provided. 

A very fair idea of the arrangement of the electrical equipment will be gathered 
from the plan and longitudinal section of one of the motor coaches shown in Fig. 233. 
AB is the coupling for the automatic brake, AS the emergency switch, B the brake 
reservoir, BU the lighting converter, BV the quick-action brake valve, F the 
controller, H the high-pressure chamber, HB the hand brake, HK the contactor 
switch box, MM motors, RB the coupling for the governing brake, RV the regulator 
valve, STL the coupUng for the control main, and T the transformer. 

So much for the motor coaches : now let us turn to the Oerlikon locomotives. 
Some three years ago Dr. H. Behn-Eschenburg undertook experiments with the 
Oerlikon single-phase engines. They had a capacity of 500 h.p., and were capable 
of running at a speed of 40 km. per hour, and were fitted with two single-phase motors. 
At that time these motors were the most powerful the firm had built. In connection 
with these trials, some difficulty appears to have been experienced on account of 
the influence of the alternating current on telegraph and telephone lines, but these 
troubles were soon overcome, and Dr. H. Behn-Eschenburg then drew up designs 
for larger locomotives, which had a capacity of 900 h.p., and the motors were 
built on similar lines to those of the locomotives just mentioned. At that time 
the possibility of building large single-phase commutator motors was doubted in 
various quarters, but it appears that these motors proved quite satisfactory, and 
since then the Oerlikon Company has built others of still greater capacity. 

In 1909 the Bemer Alpenbahn Gesellschaft ordered a locomotive having a capacity 
of 2,000 h.p. for the Lotschberg Railway. This engine, which will be described 
presently, is provided with two 1,000 h.p. single-phase motors. It proved so satis- 
factory that the consulting engineers to the Lotschberg Railway ordered twelve 
more, which have a still greater capacity. The design, however, does not correspond 
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entirely with that of the first engine. Some of these locomotives were built in the 
works of Brown, Boveri & Co., to the designs of the OerUkon Company, the first- 
mentioned firm acting as sub-contractors. Each new locomotive has a capacity of 
2,500 h.p., and runs at a normal speed of 50 km. per hour, and is capable of 
developing a tractive force of 18,000 kilos. The maximum speed is 75 km. 
per hour. 

It will be noted that in nearly all the locomotives so far dealt with the power is 
transmitted to the driving axles without the aid of gearing, but the Oerlikon 
Company advocates the use of higher speed motors. The gears which the company 
has adopted on all its recent locomotives have proved quite satisfactory, and the 
wear is negligible. The use of tooth gearing has not been found to result in a great 
reduction in the total weight, but it naturally reduces the size and weight of the 
motors. A motor rated at 1,000 h.p. for one hour, as used on the first-mentioned 
Lotschberg locomotive, weighs 9-5 tons with gearing, whilst a motor for the new 
locomotives weighs 14 tons. Slower speed 800 h.p. motors, as used on some of the 
locomotives previously described, weigh 14 tons. The efficiency of the gearing used 
with the Oerlikon motors is said to be 98 per cent. 

Dr. H. Bchn-Eschenburg has come to the conclusion that repulsion motors are 
notably inferior to the series type, not only with respect to efficiency, but also with 
regard to speed regulation and commutation. The Oerlikon Company, like various 
other electrical manufacturers, has adopted the series motor on all its locomotives. 
The experiments which Dr. H. Behn-Eschenburg has carried out have led him to con- 
clude that there is less danger of breakdown on large locomotives equipped with geared 
motors than exists when slower speed motors are employed without gearing. From 
time to time a great deal has been said with regard to the high cost of upkeep of 
alternating commutator motors, but judging from Dr. H. Behn-Eschenburg's statements 
the motors fitted to the Lotschberg locomotives are every bit as satisfactory as 
direct-current motors. The brushes of the motors are said to serve for a run 
of 20,000 km. 

The following description applies to the first 2,000 h.p. engine in its original 
form. After.it had been in work for some time Dr. H. Behn-Eschenburg invented 
a new control system, and it is now used on all the Lotschberg locomotives. Never- 
theless a brief description of the original control system will be given first. The 
engine is illustrated in Fig. 239, and a drawing is given in Fig. 240. The contract for 
it was undertaken by the Oerlikon Works, Oerlikon, where the electrical machinery 
was made, whilst all the mechanical part was placed in the hand^ of the Swiss 
Locomotive Works at Winterthur. 

As the engine has to draw heavy loads up gradients which at places reach 
2*7 per cent., it has naturally to be of considerable horse power, and it is therefore 
fitted with two motors, each of which can develop 1,000 h.p. These motors are 
mounted on two independent six-wheel bogies, all wheels of which are coupled. The 
total weight of the engine is 90 tons, making the actual load 15 tons. It will thus 
be seen that the locomotive is a very heavy and powerful machine indeed. 

The duty prescribed for this engine is that it shall haul a load of 310 tons up a 
gradient of 1 in 38 at a speed of 42 km., say, twenty-six miles, per hour ; or a train 
of 500 tons up a gradient of 1 in 64 at the same speed. In view of these requirements 
it was decided to give the engine a horse-power of 2,000 and a tractive force at the 
coupling of 10,000 kilos. — about 22,000 lbs. — whilst on the inclines a tractive effort 
of 13,000 kilos. — about 28,650 lbs. — or over can be developed. The greatest speed 
obtainable is 70 kms., say, forty-four miles, per hour, and the engine takes curves 



200 



SINGLE-PHASE ELECTRIC RAILWAYS 



of 180 metres radius, whilst, as said above, the axle load does not exceed 16 tons. 
The general particulars are tabulated below : — 



Gauge 




1-435 m. (4 ft. BJ in.) 


Length over buffers 




. ..0 ft. 


Width 




. 9 ft. 9 in. 


Wheel base 




. 38 6 ft. 


„ of bogies 




. 13 ft. 2 in. 


Diameter of driving wheels 




. 52} in. 


Weight of mechanical part 




. 46 tons 


,, electrical part 




44 tons. 


Total 




90 tons 


Adhesion weight . . 




90 tons 


Alaximum axle weight 




15 tons 


Weight of bogie without motor . . 




18*5 tons 


„ motor and gearing 




9 8 tons 


„ transformer 




5 5 tons 


Gear ratio 




. 1 : 3 25 


Normal speed 




42 km. per hour 


Maximum speed . . 




. 70 


Normal tractive force at coupling 




. 22,040 lbs. 


Maxiuium tractive force at coupUng 




. 28,650 lbs. 


Adhesion coefficient at maximum tractive force 




1 : 5-3 


Voltage on line 




15,000 volts 


Periodicity 




15 



As already said, the mechanical part of the engine was made by the Swiss Loco- 
motive Works, at Winterthur. The bogies, which are shown in Figs. 241 and 242, 
are built up of steel plates held together by stout transoms. The axles are carried on 
plate springs fitted with compensating gears. Firmly built in with the frames is the 
driving motor and its spur reduction gearing. The wheels of the latter are 
256 mm. (10 in.) broad and 447 mm. (17Jin.) and 57 in. diameter, giving a ratio of 
1 : 3*25. The spider of the motor is forged from a single piece of steel and is pressed 
on to the axle with a load of 40 tons. The gearings were cut from Siemens-Martin 
steel by Citroen's of Paris. They have three rows of teeth inclined at 45 degrees 
to each other, and with rounded comers at the junctions. The larger wheel is placed 
immediately below the motor, and is fitted with cranks set at 90 degrees to each 
other, and counterbalanced, and these cranks drive the coupled wheels through the 
medium of coupling rods about 8 ft. 9 in. long. 

The iron body rests upon the two bearers on the bogies, which are held together 
by a longitudinal beam. On this beam all the heavy electrical machinery is carried, 
whilst the walls of the body are called upon to take little or no load. The body is 
divided by iron partitions into three parts, a machine room in the middle and a driver's 
compartment at each end. The footboard is of iron covered with pitch pine and 
linoleum. The compartment for the transformer and high-tension apparatus is closed 
by a trellis which can only be opened when the collector bow is lowered. 

The driving compartments are accessible from both sides and from doors opening 
on to the end platforms. From the latter folding ladders lead up to the roof, it being 
arranged, in order to avoid accidents, that as soon as the ladders are adjusted for 
use valves open and allow the air to escape from the collector bow cylinders, at the 
same time sounding a whistle. 

A Westinghouse air brake and hand brakes are fitted. Each bogie has its 
own cylinder, and the brake lever of each driving platform only put the brakes on 
the corresponding bogie. There are six brake blocks to each bogie. The air is com- 
pressed by an electrically-driven piston pump. 

The electric equipment is, in its main essentials, divided into two symmetrical 
groups of apparatus. An entirely diagrammatic sketch of the original arrangements 
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is given in Fig. 243, High-tension current is collected by the bows from the overhead 
conductor. It parses first of all through a choking coil and is then led to an automatic 



FlO. 241. — Iiocomotive Bogie and Motor. 

high-tension circuit-breaker, after which it passes to two transformer switches, each 
of which is connected to one terminal of the high-tension winding of one of the two 
main transformers. The other terminals of the high-tension windings are connected 
to the wheels and then to earth through an instrument transformer. A circuit in 



Flo. a42.--IiOcomotive Bt^-ie and Mutov. 

parallel with the foregoing, which ia taken off the main circuit close to where the 
current enters the vehicle, but does not include the self-induction coil, is connected 
to one terminal of a lightning arrester, the other terminal of which is connected to a 
resistance of about 3,500 ohms, which in its turn is connect«d to earth. 
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The current collecting bows (see the drawing, Fig. 244, and the view, Fig. 245) 
were supplied by the Siemens-Schuckert Company, and are of the articulated parallelo- 
gram type. They are designed for a contact line varying in height from 4*8 metres to 
7-05 metres — say, from 15 ft. 9 in. to 23 ft. — ^above the surface of the rails, but can 
be lowered to 14 ft. 9 in. above the rails, so as to come well below the conductor line 
at its very lowest point. The width of the bow at right angles to the direction of 
travel is just under 4 ft., which permits of a variation from the centre line of the 



Overhead Conductor 





Collector 
Bow 



Collector 
Bow 



Self 
Indue tf on 



d) 




:^L 



Lightning 
Arrester 



Automatic Hiqh Tension 
Circuit Breatier 



Series - 



Transformer Switch 




A 



X 



C" 

r 
I 



Parallel 



Sertesj2 

ransformer 



Parallel 
'Switc^^ 



17] El [S 13 



1. 



I Contactors , 

Tlr^l^ g] E El' 



AutO'U 
Transformer j 

1 

/ Atr Comp resshr 

NT^^ — I ^ 



I • I 




.____43=i=r 





m (3 s E) j 

Contactors • 



^\"C:^^A 



I Automatic Air \ — ' , . ^ ^ . 

i_ Compressor Cpntro/ler^ ^Mam Transformer with tian 

r- ■>^*^'~ jtJt-Jt. K^-k. tappings to the\ Secondar^ 

l^ L Winding • 




Instrument Trans- 
former which also 
works the relay of 
the High Tension 

\£ircuit 

Breaher 



A'OLOr 
Generator 



fan for Coohng 
Ira ns formers 



I 



Main 
Motor 



L_ 



n 



Main 
Motor 



Heater 



Sand Bom 



Heating 
Transformer 



\SAnd Boh 



|.|.|.|.|.|.|.|.|. 

Batteries 



|.|.|.|.|.|.|.|.|, 

Batteries 






n 



Hea ter 



/To Cartn through 
" the Wheels 



" Ti-ie E nginccr' 






Fig. 243. —Simplified Diagram of Connections for Original Control System. 

conductor wire of not more than about 15 in. The rubber is fixed to the parallelo- 
gram by a small bow, which can move independently of the parallelogram. It is 
made very light so as to enable it rapidly to respond to any irregularities in the line. 
The actual rubbing surface is of aluminium, and it is furnished with two lubrication 
grooves. The parallelogram is lifted by means of two cylinders worked with com- 
pressed air, the pressure of the bow on the wire being about 3-5 kilos., say, 7|lbs.,^ 
for all heights. As the air cylinders are in contact with high-tension current a tube 
of porcelain has been introduced in the pipes leading to them so as to provide insula- 
tion. A valve for controlling the current-collecting mechanism is placed within 
reach of the driver both in the front and back driving compartments. The com- 
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pressed air is only used for raising the apparatus, which falls back by ita own weight 
when the air is allowed to escape from the cylinders. 

The automatic high-tension circuit-breaker works in an oil bath. It is provided 
with an auxiliary contact which inserts a resistance in the circuit just before it is 
closed. The opening and closing of this switch is ordinarily effected from the driving 
compartment by an electro- magnetic device worked by continuous current, but it 
is also fitted with maximum and minimum relays which automatically break the 
circuit should the voltage for any reason become in excess of that permissible or 
should the current fail entirely. The switch can also, should the need arise, be worked 
by hand by means of a key. 

The two main transformers, a view of one of which is given in Fig. 246, are designed 
for a normal continuous capacity of 1,000 kilovolt-amperes when cooled by air forced 
through them. Their efficiency is given as being higher than 95 per cent, for all 




Fig. 24-1.— Current-Collecting Buw. 



Fill. 245. — I'm rent Collector. 



loads between 200 and 1,300 kilovolt-amperes. They provide the current for the 
traction motors as well as for all the auxiliary machines and for heating. Their cores 
are arranged horizontally and are placed one above the other. The low-tension 
winding on each core consists of external and internal cylindrical bobbins, the whole 
series of windings being divided into ^ight sections. Between these bobbins is wound 
the high-tension or primary winding. The latter is divided into two parts, which 
can be connected up either in series or parallel. The locomotive could thus be worked 
on a 7,500-volt circuit instead of the 15,000 volts at which it will ordinarily operate. 
The eight sections of the low-tension winding are so arranged that the following 
voltages can be obtained : 105, 167, 210, 262, 315, 367, and 420. 

We now come to the original control system. Eight terminals were fitted, one to 
each section, and each terminal was connected to a contactor, of which there was a 
series of eight momited on the top of each transformer. These are shown diagram- 
matically in the sketch, Fig. 243, and may be seen also at the top of the transformer in 
Fig. 246. They were actuated by the main driving controllers. In the sketch there is, 
for simplicity's sake, only one cable connecting the controller and the contactors, but 
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as a fact there actually were nine wires, one being connected to the corresponding 
terminal of the windings of each contactor magnet, a separate wire being led to the 
other terminals of these magnets. By this means the driver could arrange how 



i. -lAti.- One of the Main Tranafor 



many sections of the transformer were to be in circuit, and hence the voltage (o be 
applied to the main driving motors. The contactors were arranged in two series of 
four each, the contactors in rotation being connected, not to the transformer winding 
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next to it but to that next but one to it. Thus, if we number the contactors from 
1 to 8 they would be arranged as follows : — 

Contactor 1 -i ■■ 5 . . 7 

Connected to section .. .. 1 3 .. 5 -. 7 

Contactor 2 . 4 .. 6 .. 8 

Connected to section .. .. '2 4 6 .. 8 

Contactors I, 3, 5 and 7 formed one group and contactors 2, 4, 6 and 8 another 
group. In each case the four corresponding terminals were connected together and 



KiG. 247.— Motor wiih Ai-mHtiii-e Removtd. 

also to one side of an auto-transformer, the contactors 1, 3, 5 and 7 being joined to 
one end of it and contactors 2, 4, 6 and 8 to the other end. The centre point was 
connected through a direction controller to the motors. 

The contactors were worked by continuous current. They were so connected 
that they only operated in predetermined order, and in the event of one of the con- 
tactors failing to act at its proper time it was forced to do so by the contactor 
coming next in order. Short-circuiting of the transformer coils was thus obviated. 
Except in the first position, when only one contactor was closed, there were 
always two consecutive contactors, one in each group, in circuit and connecting the 
transformer coils in series with the auto-transformer, from which the current then 
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passed to the motor. In this manner the circuit was never broken, and no short- 
circuiting took place when the main controller passed from one speed stud to 
another. The contactors were provided with renewable contacts and electro-magnetic 
blow-outs, and all wearing parts could be readily replace. 

The continuous current for working the contactors was derived from the 
battery or from a motor generator, the battery being installed so that the current 
should always be available. The direction controller, which could either be operated 



by continuous current or by hand, was of the ordinary cylindrical form. The new 
control system will be described later. 

The motors, which have twelve poles, are of the Oerlikon compensated series 
type with interpoles. The shaft of the toothed wheel can be regarded as being the 
shaft of the motor itself. Views of the stator and rotor are shown in Figs. 247 and 
248. The carcases of the motors are made of cast steel, in two parts, and the top 
portion of the stator can be lifted so as to give access to the rotor. Ample provision 
has been made for ventilation, so that air has access on all sides to the iron, the 
winding and the commutator, even when use is not made of th^ ventilating fan, which 
is installed for cooling the transformers. Without this help the hourly rating of the 
motor is 1,000 h.p., but with it this power can be developed continuously. 
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Thero are three windings on the stator. First there is that which is destined 
to provide the main magnetic field and which is in series with the armature. Then 



Fr<(. 249,— Motor Generator Set. 

there is the compensating winding, the object of which is of course to counteract the 
field set up by the armature. These windings are made up of copper ribbons insulated 
with mica, fixed at uniform distances 
apart in the half -closed slots of the 
stator. The axes of the two windings 
are placed at half the polar distance from 
one another. The third or commutating 
winding is arranged inside the compen- 
sating windings. They are in two adjacent 
open slots, and hence only embrace a 
single tooth. 

The magnetic field of the motors is 
calculated to allow of starting up with 
full tractive effort without exceeding a 
pressure of 4 volts between the segments 
of the commutator, so that no injurious 
sparking takes place at the brushes, 
which only bear on at most three seg- 
ments at a time. As will be seen in the 
view of the rotor and its driving pinion, 
Fig, 248, the slots are cut obHquely. 
This provides a means of avoiding the 

higher harmonics in the pressure curve, pi^ 250 - Motor-Driven Fun 

as was demonstrated during the trials 

on the Seebach-Wettingen line. The use of resistances between the collector segments 
and the armature windings has been avoided ; indeed, the dimensions of these con- 
nections have, on the contrary, been considerably increased so as to obtain as solid a con- 
nection and as high a current-carrying capacity as possible. Trials have shown that 
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Fig. i;51. — Air CV)mpres«ir. 

the efficiency of the motors does not fall below 90 per cent, down to half load, and 
for higher speeds than 30 km.— say, seventeen and a half miles— an hour, the power 
factor is above 0-95. 

The brush holders are earned in a 
ring which is provided with a toothed 
rack all round its periphery, so that it can 
be completely revolved by means of a 
small pinion. This is convenient not only 
for adjustment purposes, but because the 
lower brushes are readily accessible for 
inspection and renewal, which, as will be 
gathered from the illugtrations, would not 
otherwise be possible. 

The air gap of the motor is 3 mm., 
and as the thickness of the anti-friction 
metal in the bearings is only 2 mm., the 
rotor, even if the whole of the Einti- 
friction metal were worn away or melted 
out, could not eome into contact with 
the stator. 

The starting of the locomotive is 

brought about in the following manner : — 

If the two collector bows are lowered, one 

of them is raised, use being made of a hand 

air pump in the event of the compressed 

air contained in the reservoir not being 

sufficient for the purpose. The automatic 

Fiu. aj2.-Automatic.Swit<h. high-tension circuit breaker can then be 

closed by means of a switch in the driving 

compartment. This, however, cannot be done until the direct current control 

circuit is closed by means of another switch which acts in conjunction with a valve 
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in the compressed air circuit. Although the control system referred to above has 
Qow been altered, continuous current is stiU used for controlling purposes. When 
the two motions just mentioned have been performed the main transformers are 
excited and the air compressor, ventilating fan and motor-transformer, hereafter to 
be more minutely referred to, can be started up. When running, the first and third 



Fig. 253. — Interior ot Driver'H Compartmaut. 

of these three plants do not require controlling, as they are regulated automatically. 
The second collector bow can then be raised by turning an air valve into the 
position marked " Haut." This accomplished, the locomotive is ready to start. 
The first thing to be done then is to see that the direction switch, which actuates the 
direction controller, is in its proper position. Lights then indicate to the driver in 
which direction the engine will move. Not till the direction switch is turned fiom a 
central position either to that for forward or backward running can the main controller 

B.B. P 
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be worked. With the original control system its action when revolved was to energise 
in rotation the various contactors connected to the section terminals of the main 
transformers, thus allowing current to have access to the motors. When it was 
required to stop the locomotive the contactors were de-enei^ised by revolving the 
main controller in the reverse direction. If it waa desired to open the main circuit 



Flo. 264.^Iiit6rior of Driver's Compartment 

suddenly it was necessary either to open the main high-tension circuit-breaker or to 
break the control circuit. In the latter case, of course, the contactors, having nothing 
to hold them closed, would automatically open. When either of these methods was 
employed it was not possible to close the circuits again until the main controller 
had been brought back to its zero point. It was possible to cut any contactor 
out of circuit if so desired. 

Let us now turn to the various auxiliaries in the locomotive, to some of which 



THE LOTSCHBERG-SIMPLON RAILWAY 



211 



reference has already been made. First of all there is the small motor generator 
set, a view of which is given in Fig. 249. This has a capacity of half a kw., 
and it works in coniunction with a battery of accumulators having a combined 
capacity of 81 ampere-hours. This little generating plant furnishes the current for 
lighting and for the working of all the electromagnets in the control system of the 
locomotive. It starts working automatically and puts it«elf in parallel with the 
battery as soon as the high-tension current reaches the main transformers. The 
chaining of the battery is also quite automatic. 

The air for cooling the transformers, and if need be the main motors as well, is 
supplied by a low-pressure Sulzer fan, which is driven by a single-phase series motor 
(see Fig. 250). The air is drawn in from the machinery compartment and is discharged 
into a trunk which passes along the side wall beneath the floor, and is split up into two 







Fio. 25d.~ItecordB of the Trial Bun. 

ducts, which are led up to the transformers. Two further cormections are made to the 
motors. 

The air necessary for working the current collecting bows, the Westinghouse 
brakes, the whistles, and the sand ejectors is supplied by the small plant illustrated 
in Fig. 251. This is composed of a Westinghouse compressor driven through gearing 
by means of a 9-h.p. single-phase series motor. This group also starts itself auto- 
matically, a switch closing the circuit when the air pressure is below a certain value 
and opening it when the pressure is more than is required. 

The battery was installed in order that the lighting should be steady and 
not subject to the inevitable variations in intensity which are brought about when 
no battery is used, by reason of the oscillations in the contact wire and current- 
collecting apparatus. It was considered, too, that it is just when the main line 
voltage fails, should this occur from any cause, that Ught is most needed. The 
voltage employed is thirty-five. 

The alternating current motor of the motor generator set is worked o0 one of the 
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main transformers. At starting the generator is disconnected from the battery and 
lamps, which latter are run from the battery only. When, however, the generator 
has been run up to speed a relay works a 
special form of switch, shown in Fig. 252, 
>^i which makes the necessary connections for 

« the battery to be charged. The same 

ay motion that bnngs this about inserts a 

/« resistance in the lamp circuit. The relay is 

M worked by a fairly strong current, but as 

jl^ soon as the switch has been actuated this 

•* current is much reduced by a resistance being 

<w inserted in the circuit. The switch also 

M short-circuits the starting resistance in the 

'*' motor field circuit and disconnects the 

Fio 256 -T t Cu auxiliary field. As soon as the supply of 

current is cut ofE from the motor a single 
current relay cuts off the current from the direct current relay, and s spring imme- 
diately brings the switch into its original position, which breaks the generator circmt 
and short-circuitfi the resistance in 
series with tbe lamps, at the same time 
putting the connections in the proper 
positions for restarting the motor. 

For heating the locomotive, which 
is brought about by current at 300 volts 
taken from one of the transformers, 
three radiators which absorb 500 watts 
each have been installed in each driving 
compartment. The sand boxes are 
also heated by radiators which each 
absorb about 100 watts. For heating 
the train a coupling is provided at each 
end of the locomotive, which can 
transmit energy up to 100 kw. 

It will not be necessary to specify 
in detail all the different measuring 
instruments which have been fitted in 
the locomotive, nor to explain how 
these are connected to the circuits. It 
will suffice to say that provision is 
made for measuring voltage current and 
watts wherever it is necessary, and 
that two Hasler registering tachometers 
have been fitted. Two views inside one 
of the driving compartments are given 
in Figs. 253 and 254. Fia. 257.— Section showing Motor and Gearing. 

As a result of numerous trials, it 
has been proved that the locomotive can develop 2,000 h.p. continuously at 42 km. per 
hour and with a drawbar pull of 13,000 kilos. — say 12-8 tons. The frequency of the 
15,000-volt current can vary from 13 to 17 periods per second without interfering 
with the working of the motors. The tractive effort at starting rises to 14-76 tons. 
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The following details are abstracted from a report made on this locomotiTe by 
Monsieur L. Thonnann, consulting engineer to La Soci^t^ du Chemin de fer des Alpea 
Bemioses. It is stated that neither the gearing nor the connecting-rods have given 
any trouble at all. It ia true that the engine does not adapt itself very well to curves 
at speeds above 60 km. per hour, though it was designed for a maximum of 70 km. per 
hour. This speed has been attained during the progress of the trials, but the front 
bogie of the engine enters curves badly, which is attributed principally to the inertia 
of the mass of the motor which is mounted directly on the bogie. In addition to this 




Fro. 268.— Section showing Motor and Fan. PlO. 259.— Section through Bogie. 

the resistance to motion of the locomotive rises rapidly with the speed. As a rMuIt 
of a series of tests it has been ascertained that the resistance to motion at various 
speeds, the action of the air being taken into account, is as follows : — 

Kin.'tonn. 

At a, speed of 10 km 43 

„ 30 km 3'2 

,. 60 km 80 

„ 60 km 120 

or omitting the action of the air : — 

At a Bpeed o! 10 km 42 

„ 30 km 45 

„ 60 km 61 

„ 60 km 9-3 

The gearing is wonderfully quiet. The little noise it makes is rendered entirely 
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unnoticeable by the noise of the carbon brushes on the commutators, so that it is 
obvious that it cannot be very great. No sign of wear was evident after the 
locomotive had run 6,000 km. As far as accessibility of the motors and acceseories 
is ooDcemed, the design could not have been improved upon. It is possible to 
observe the working of all the pieces of apparatus — which has proved most useful 



Fig. 260.— Control Gear. 

to the drivers. The following figures were arrived at in a trial run between Spiez 
and Frutigen : — 



Length ol journey 


. . 130 km. 


DifEerence of level climbed through 


. . 1500 m. 


Weight of the train 

Tot^ ton-kms. 


. 348-0 tons* 


. . 46000 


Theoretical work at the drawbar . . 


. . 3200 kw. hours 


watt hours -i- tOD-km. 


. . 49-0 


Kw. houre as measured 


. . 2640 


Watt hours -^ tonkin, as measured 


. . 690 


Efficiency 


. . -Sae-O per cent. 



A record of a run by a train made on May 9th, 1911, is shown in Fig. 255. 

The motors run from no load to full load entirely sparkless, just as do well-designed 
continuous current machines, though at full load a current of 2,000 amperes at 420 volts 
is passing. It is only when starting with full load up an incline and when the current 
at first rises to 2,500 amperes that there is a slight momentary and inofiensive sparking. 
Fig. 256 shows the measurementB taken with this locomotive starting up an incline of 
15-5 per 1,000 with a load of 370 tons. Various sections are shown in Figs. 257, 
258 and 259. 

One important and interesting feature in connection with the new locomotives 
for the Lotschberg-Simplon line is to be found in the controlling gear. The terminal 
pressure of the motors of the new locomotives is about 400 volts, and at full load the 

• This ia only about 50 per cent, of the normal load. 



THE LOTSCHBERG-SIMPLON RAILWAY 215 

current is about 3,000 amperea, and if the voltf^e is varied in twelve stages, each 
stage would give rise to an increase of about 100 kilovolt-amperes. In the loco- 
motives previously described in this book, the control has been carried out by three 
different methods, viz., by contactors, by an induction regulator and by brush shifting. 
Of course, the use of a large number of contactors is to be avoided if possible, and one 
method which simplifies matters in this direction is to employ an induction regulator. 
After experimenting with induction regulators, however, the 03rIikon Company has 
decided not to use them on its locomotives, on account of the fact that they increase 
the cost and weight and lower the power factor. With the object of dispensing 
with the contactors and induction regulators, therefore, the Oerhkon Company has 
designed special controllers for direct-control, and these have been built for capacities 



Flo. 261.— Control Gear. 

up to 1,000 and I;250 h.p. These controllers are now used on the No. 121 engine just 
described as well as on al! the new locomotives. 

As stated above, the Lotschberg locomotives are provided with two transformers, 
one for each motor. In order to control the voltage of these transformers, therefore, 
two controllers combined together are now employed, and the contact fingers of these 
are connected to the tappings of the transformers, so that the secondary pressures 
can be changed. Each transformer is fitted with an independent controller fixed 
immediately above the transformer, so that the windings are directly connected with 
the contact fingers. Two drawings of one of these controlling switches, suitable for 
dealing with currents up to 3,000 amperes, are shown in Figs. 260 and 261. It will 
be gathered that the controller is of the revolving drum type, and that the main 
drums are actuated in similar manner to a Thury regulator. The motor M on the 
right of Fig. 261 imparts a rocking motion to the member A, which in turn rocks the 
member carrying the pawls B C. The small electromagnets I) E, which are energised 
with continuous current from a battery, can hft the pawls out of engagement 
with the notched wheel F. Thus when the pawl B engages with the wheel F the 



Fia. a62.— Controller. 



Fio. 263.— Transformer with Controller on Top. 
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latter will turn in a counter clockwise direction, whilst when the pawl C is allowed 
to actuate the wheel F the main controller drums turn in the opposite direction. 
The length of the controller is 1-6 m., the width 1-5 m., and the depth -83 m. 
Altogether the controller weighs about 1 ton. It will be understood that with 
this design of control gear the switches in the driver's cabin simply energise the 
•electromagnets D and E when the revolving drum is caused to turn in either direction 
in the manner described. A view of an actual controller of this type is shown in 
Fig. 262, and Fig. 263 shows a controller mounted on top of a transformer. With 
the aid of two of these controllers it is possible to connect both motors in series 
or parallel, as circumstances demand, or if desired the transformers can be dealt with 
in a similar manner. It is also possible to control the two motors by series and 
parallel connections from a single transformer and controller. 

In the event of anything happening to the electromagnetic gear these controllers 
can be directly operated by hand. There are two cylinders, one of which is con- 
nected to the transformer tappings ; the other is provided with magnetic blow-out 
£ear and effects the making and breaking of one or the other of the circuits of the 
auto-transformer. Thus it will be seen that instead of using about a dozen separate 
contactor switches, the Oerlikon Company has now adopted a single switch unit for 
«ach motor, and the controlling equipment has consequently been considerably 
simplijGied. 

A view of one of the new 2,500 h.p. locomotives is given in Fig. 264, and 
for a full description the reader should refer to The Engineer for November 21st 
And December 5th, 1913. Here it must sufl&ce to say that in this type of engine both 
the motors are placed in the centre of the body and the transformers near the end, 
whilst, as the drawing. Fig. 240, shows, the transformers of Locomotive No. 121 are 
in the centre and the motors at the ends. The positions of the jack shafts. Fig. 264, 
indicate that the motors are at the centre of the engine. Fig. 263 shows one of the 
transformers and controllers belonging to the engine shown in Fig. 264. 

As this illustration shows, the locomotive is of the 2-10-2 type, with five coupled 
axles and two runnmg axles. The table below gives the principal data : — 



Total length measured over buffers 

„ of wheel base 

Fixed wheel base . . 
Diameter of driving wheel 

„ runner wheel 

„ crank circle . . 

Ratio of tooth gear. . 
Weight of the mechanical part . . 

„ „ electrical part 
Total weight 
Weight on driving wheels 

Maamum weight on any axle 

1^ hours capacity . . 

Tractive force at the wheels at IJ hourly capacity 

Speed at IJ hourly rating. . 



16-000 m 
11-340 m. 
4-600 m. 
1,350 mm. 
850 mm. 
600 mm. 
1: 2-23 
47-3 tons 
59 tons 
107 tons 
78-2 tons 
16-6 tons 
2,500 h p. 
13,500 kilos. 
50 km. per hour 



The engine is capable of developing at normal speed a draw-bar pull of 10,000 
kilos., and can draw a train weighing 310 tons up a gradient of 2-7 per cent. The 
tractive force at the wheel circumference is 13,500 kilos., and the maximum speed is 
75 km. per hour. All the new engines are capable of exerting at starting a draw-bar 
pull 30 per cent, in excess of that mentioned. The body is divided into three 
compartments — ^the motor compartment and two drivers' cabins. 



CHAPTER VII 
THE ROTTERDAM-SCHEVENINGEN RAILWAY 

A siNOLB-PHASE railway connecting Rotterdam and Scheveningen, with a branch 
line to The Hague, was put into operation on October 1st, 1908. It was originally 
intended that the Une should be worked with continuous current at 850 volts, but 
whilst the railway was under construction certain unforeseen difficulties a ose, and 
the work took much longer to execute than was anticipated In the meantime the 
advantages of the single-phase system were recognised, with the result that the 
original scheme was abandoned and the newer system of electric traction introduced. 

From the station at Rotterdam the railway extends in a northerly direction and 
practically in a straight line for a distance of twelve and a half miles. It then divides 
and one part of the line goes north to Scheveningen and the other west to The Hague. 
The distance from Rotterdam to The Hague is fifteen miles, from Rotterdam to Scheven- 
ingen nineteen miles, and from The Hague to Scheveningen seven and a half miles. 

The generating sets were designed with the object of working the railway with 
continuous current, and they were nearly finished before the use of the single-phase 
system was decided upon. Thus, in accordance with the usual practice, they were 
built as three-phase machines. But in view of the decision to discard the original 
scheme, various alterations in the generators were considered necessary. To render 
them suitable for the new conditions the stator windings were divided into two parts 
and connected in parallel. This reduced the original working pressure of 10,000 volts 
to 5,000 volts with a corresponding increase in the current output. Moreover, the 
three-phase current derived from the alternators is changed into two-phase current 
by means of transformers connected in accordance with the scheme devised by Scott. 
The pressure of the two-phase system is 10,000 volts. Eight transformers are used 
for the phase transformation, two of which have a capacity of 12,000 kilo volt-amperes, 
and the others an output of 600 kilovolt-amperes. It will be gathered, therefore, 
that this change in the original scheme has introduced special arrangements which 
would not have been necessary had the single-phase system been chosen in the first 
instance. 

The generating station is situated at Leidschendam, which is about eleven miles 
from Rotterdam. It is in close proximity to the railway and on the banks of the 
Leyden Canal, thus enabling coal, etc., to be brought to the station by water. The 
station contains four generating sets Two of the alternators are coupled to recipro- 
cating engines and generate three-phase current at 5,000 volts and at a periodicity 
of 25 cycles per second, the capacity of each generator being 850 kilovolt-amperes. 
The other two alternators, which have a capacity of 2,000 kilovolt-amperes, are driven 
by steam turbines of the Zoelly type. Two converters have also been put down in 
the power-house, and they are used for exciting the main generators for lighting the 
station and for driving various small motors. Each converter works in conjunction 
with oil-cooled transformers, which change the two-phase current at 10,000 volts 
into three-phase current at 500 volts. A storage battery having a capacity of 
1,050 ampere-hours works in parallel with these converters. 

All the electrical equipment for this railway was suppUed by Siemens-Schuckert. 
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The line is divided into two parts, one of which is fed with one phase of the 
generating system and the other with the remaining phase. Referring to the diagram, 
Fig. 265, which shows the feeder and sectioning arrangements, the separation of the 
two phases occurs at a point a Uttle over half a mile north of the Pynacker Station. 
The object of fixing upon this point for dividing the phases was to enable the load 
on each phase to be the same under normal working conditions. It will, of course, 
be understood that at this point there is a break in the overhead conductors, 
and that the wires are divided by a dead section, this being about 4 yds. long. 
The northern section of the Une is fed at a point eight miles from Rotterdam, and, 
as will be gathered from the diagram, Fig. 265, this point is quite close to the 
power station. The feeders consist of two bare wires. Feeders also run from the 
power-house to the southern section of the railway, and as in the case of the other 
feeders, they are supported on masts placed between the two Unes of rails. The 
feeding points are shown on the diagram. Fig. 265, at X and Y, au being the Rotterdam 
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Fig. 265. — ^Feeder and Sectioning Arrangements, Botterdam-The Hague-Scheveningen Line. 

feeder and bb the Scheveningen feeder, and from what has been said it will be understood 
that these feeders aa and 66 constitute two distinct phases. 

The overhead construction used on this railway is of the Siemens type as 
employed on the electrified section of the Midland Railway. The Siemens system of 
catenary trolley wire suspension for electric railways provides an elastic support for 
the trolley wire, and maintains it almost perfectly parallel to the rails, thus enabhng 
the current to be collected without difficulty even at very high speeds. The 
insulators for the catenary cable are fixed on brackets or cross girders attached to the 
poles. An auxiUary wire is suspended under the catenary cable by means of vertical 
droppers spaced at uniform distances along it. In the middle point of the span 
where the auxiliary wire is close beneath the catenary cable they are connected by 
special cUps. The droppers are attached to the catenary cable and to the auxihary 
wire by means of cUps. The trolley wire is hung under the auxiliary wire by means 
of loop-shaped cUps which allow the trolley wire to rise. The trolley wire is made 
of copper and usually has a figure 8 section. 

To prevent the trolley wire swinging sideways a tie is provided at each pole or 
bracket. This is so designed that the trolley wire can rise under the action of the 
upward force of the bow collector. To allow for changes in length of the wires due 
to changes of temperature tightening arrangements are erected at regular intervals. 
The trolley wire is automatically tightened by means of weights moving up and down 
the poles, and connected to the trolley wire by means of chains passing over pulleys. 

Several examples of the overhead construction are shown in Figs. 266—269, 
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including the phase-separating section at Fynacker, a mast with double bracket arm 
on the open track, the method of fixing masts on the Rotterdam viaduct, and the 



Fio. 266.— Phase Separating Section. 

overhead equipment at Rotterdam. A view of the automatic trolley wire tighteners 
as used with the Siemens catenary system is also shown in Fig. 270. For the purpose 



FlO. 267.— Double Bracket Arms on Open Line. 

of testing the insulation of the line at a pressure ranging from 25,000 to 30,000 volts 
an accumulator locomotive is used which carries a converter. 
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Considerable difficulty was experienced in connection with the construction of 
the railway owing to the marshy nature of the soil, and this was mainly responsible 



FiQ. 268. — Overhead Equipment on Rotterdam Viaduct, 

tor the delay previously referred to. The majority of the masts were fixed in concrete, 
which was run into special cast iron boxes sunk in the eatth, this construction being 



Fig. 269.— Ovei head Equipment on liotterdam Viaduct. 

necessary owing to the nature of the soil. But in view of the fact that a viaduct 
in the neighbourhood of Rotterdam is built of reinforced concrete, large holes which 
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would accommodate the boxes could not be aunk, and in consequence the masts had 
to be erected by fixing them to the viaduct uprights in the manner shown in. 
Fig. 268. 

The automatic trolley wire tighteners, as shown in Fig. 270, are erected ©very 
1,000 m., and at these points the wires are stretched by a weight and are continually 
under a tension of about i ton. Since it is necessary for the trolley wire and suspension 
wire to be divided up into sections, it is obviously convenient to arrange for the pro- 
vision of a section insulator at these tightening posts. The two ends of the trolley 
wire are not directly connected together, but are joined through a horn switch, which 
is fixed on a special post and worked from below by means of a rod, 

A section insulator is provided both in front and behind the stations. Ther© 
are also two cross wires, thus rendering it possible to make the trolley wires dead 



Fio. 270. -Automatic Wire Tighteners. 

at the station without aEFectii^ the working of the remainder of the Une, whilst at 
the same time each wire can be cut out between any two stations. At the junction 
between Leidschendam and The Hague the conductors pass underneath a br.'dge 
which is only 16 ft. above the rails and the clearance between the bridge and wires- 
is only 10 in. 

Turning now to the rolling stock, when the railway was first opened there were 
nineteen motor coaches and nine trailers. The coaches have central corridors with the 
seats on each side and separated from each other by a low partition. There are two 
types of motor coaches, one for second and third class passengers and the other for 
second-class passengers only. The first mentioned type is fitted with four sfiding 
doors which divide the compartments into two parts for smokers and non-smokers. 
These coaches have twenty-four seats for second-class passengers and forty-nine seats 
for third-class passengers. There is also sufficient space to accommodate about 
fourteen passengers standing. The driver's compartment contains the usual controller 
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and switch for working the brakes, and a lever for raising and lowering the 
collector and valves for working the whistle and sanding equipment. There is also 
a switch for the motor which drives the blower for cooling the motors. Only one 
bogie of each motor coach is fitted with driving motors. The other carries a 5 h.p. 
alternating-current motor working at a pressure of 110 volts, which drives the aii 
pump for supplying compressed air to the brakes and for raising and lowering the 
current collector, and also for the sanding apparatus and whistle. 

The maximum pressure at the low-tension side of the transformer is 300 volts. 
In accordance with the usual practice on single-phase railways, all the high-tension 
parts are placed in a special chamber and all the accessible parts are properly earthed, 
A Ughtning arrester is fixed on the roof of the coach to protect the electrical apparatus 
against atmospheric dischai^es. The trailer coaches are each capable of seating eighty- 



Pio. 271.— Motor Coach Counections. 

eight passengers, and there is room to accommodate twenty other passengers standing. 
Each motor coach is propelled with two Siemens series motors having a capacity of 
180 h.p. when running at a speed of 760 revolutions per minute. 

Contactor control is adopted on all the motor coaches, and the contactors are 
worked with alternating-current magnets. The method of controlling the motor 
coaches will be understood by reference to the diagram of connections. Fig. 271. 
A is the high-tension current collector, B the lightning arrester, C the choking coil, 
D the earthing switch, D, the earthing switch for the fighting and auxiliary trans- 
former, F the high-tension fuse, G the high-tension switch, H the high-tension series 
resistance, J the high-tension circuit breaker, K the main transformer, M, and M^ the 
main motors, the contactors, Q contactor control circuit switch, R a special balanc- 
ing transformer, the fimction of which will be described later, S the controller cables, 
T the connecting plugs for the controUer cables, U the master controUer, W the ammeter, 
X the air pump, o, the fighting transformer, a.^ the testing transformer, b the heating 
elements, c lamps, / the lever for raising and lowering the current coUectors, g the lever 
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for operating the brake, h the motor for working the blower, i the main air contaiaer, 
I the pipe coupling for the collector apparatus, m^ the switch for the air pump motor, 
mj the switch for the lighting and controller circuit, mj the switch for the blower motor, 
n the pipe coupling for the air brake, p, the plug for the pump motor circuit, p, the 
plug for the Lighting and controller circuit, p^ the plug for the blower motor, r the 
air cylinder for the current collector, and a the signal lamps. 

Of course, the contactors are operated with the aid of a master controller, 
which only deals with the small currents necessary for actuating the contactors ; the 
pressure used on the operating circuit is 150 volts. This control current is derived 
from the lighting transformer. The secondary winding of the main transformer is 
divided into two parts, which are so connected with the two motors that the two 
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halves of the winding constitute a single series circuit. These connections will be 
understood from a careful examination of the diagram. Each motor takes the 
same current, but the sum of the voltages in the two transformer windings is 
equally divided between the two motors. The four pressures obtainable from one 
winding of the transformer are 116, 175, 244, and 314, whilst the voltages which are 
derived from the other winding are 151, 210, 280, and 361 volts. 

When the controller handle is placed in the first position, the sum of the two 
voltages 116 and 151 is impressed on the two motors. The sum of 116 and 151 is 
267, so that the pressure at the terminals of each motor is 133-5 volts. It is worthy 
of note that with this special system of control, in spite of the series connections, 
there is never a higher voltage between any two points of the circuit than would exist 
with ordinary parallel working. A transformer with a ratio of ! : 1 is also connected 
in the motor circuit in the manner indicated in the diagram. The object of this is 



226 SINGLE-PHASE ELECTRIC RAILWAYS 

to enable one motor to be cut out of circuit in the case of damage, and also to 
prevent the circuit being completely broken by the opening of a contactor. 

Lastly, a word or two may be said with respect to the coach sheds. They have 
been built quite close to the power-house and in the vicinity of the Leidschendam 
station. They are capable of accommodating forty-eight coacl:es, and in order to avoid 
possibiUties of fire they are divided by partitions into a number of compartments 
or shops. Each shed has twelve tracks, and six are provided with inspection pits 
throughout the whole of their length, thus enabling repairs to be carried out with a 
minimum amount of trouble. 

Wall plugs are fitted in the pits so that hand lamps can be connected for inspection 
purposes. These plugs also enable current to be obtained for testing the Ughting and 
other circuits of the coaches. A compressed air plant for cleaning the coaches has also 
been put into use. The repair shops which are adjacent to the coach sheds contain 
various machine tools, which are worked with continuous-current motors. A jacking 
arrangement has also been erected for Ufting the coach bodies oflF the bogies, as sho^Ti 
in Fig. 272. No high-tension wires are used in the sheds, but a shunting track has 
been put down which has its own special overhead equipment, so that running tests 
may be carried out when desired. All shunting work, however, is carried out by two 
accumulator locomotives, each of which is worked with a 120-cell battery having a 
capacity of 185 ampere-hours, and fitted with two 31 h.p. motors working at 220 volts. 



CHAPTER VIII 

THE THAMSHAVN-LOKKEN RAILWAY 

The first single-phase railway put into operation in Norway was the Thamshavn 
Lokken line, which was built for the purpose of carrying goods and ore and for pro- 
viding travelling facilities for residents and tourists in the surrounding country. The 
line runs inland for a distance of about seventeen miles, and borders the river Orkia 
as far as Svorkmo, from which point it proceeds to Lokken, where some of the principal 
ore mines in Norway are situated. At the other end of the line, namely, at Thamshavn, 
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there is a lai^e timber works where the picturesque wooden houses which form such 
a characteristic feature of Norwegian scenery, are made. In a valley at Skjenald 
Fossen to the west of Thamshavn a water power station has been erected which 
provides current for working the line and also for Ughting in Thamshavn and the 
villages in the neighbourhood of the railway. Power is also taken from this station 
for working the mining machinery at Lokken. 

Since three-phase current is generated in the power house, it became necessary 
to build a sub-station at Thamshavn, where the pressure is reduced from 15,0(10 volts 
to 6,600 volts and the three phase current changed into single-phase 25-cycle current 
for use on the railway. This sub-station adjoins the workshops at Thamshavn, and 

q2 
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consista of a substantial brick building with concrete foundations. The transformation 
from three-phase current to single-phase current is carried out by means of motor 
generator sets, each consisting of a slip-ring induction motor coupled to a single-phase 
alternator. The voltage is lowered by means of oil-insulated transformers. 

The line, which has » gauge of 1 m., is fairly straight from Thamshavn to Svorkmo, 
the minimum curve radius being 250 m. It then rises rapidly all the way to Lokken, 
and the gradients on this part of the railway amount to as much as 4 per cent. A 
view of Thamshavn terminus on Orkedals Fjord, showing the sub-station running 
shed, and workshop, is given in Fig. 273 ; and a view of the Solbu station which is a 
typical example of a wayside station on the railway, in Fig. 274. The illustrations, 
Figs. 275 and 276, show a passenger train at Thamshavn station and an embankment 



Fig. 274.— Sslbu: A Typical Wayeide Station. 

near Svorkmo. At each station there is a stationmaster's office, a waiting room, 
lavatories, and a goods warehouse. Altogether there are seven stations. It will 
be gathered that the buildings are of substantial log construction, and have turf- 
covered roofs, giving a picturesque appearance. The buildings and platforms are 
lighted with incandescent lamps fed from a small transformer, which is connected 
to the trolley circuit. 

The overhead equipment is constructed in accordance with the designs of the 
Westinghouse Company. A hard-drawn copper wire having a section of 65 sq. mm, 
is suspended from a steel cable, which is carried on insulators. The latter are mounted 
on steel brackets having a T section, and these are carried on wooden poles and sup- 
ported by tie rods. A good idea of the design of the overhead construction will be 
gathered from the illustrations, Figs. 277, 278, and 279. The spans between the poles 
vary from a maximum of 150 ft. on straight lengths of the hne to 68 ft. on curves. 
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Fio, 27*i,— Au Embankment ii 
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and the poles are so placed that under no circumstances is the wire more than 9 in. 
from the centre of the line. 

A double galvanised steel wire, made up of seven strands, supports the copper 
trolley wire by means of stiff vertical hangers. These latter have two foiled clamps 
at their lower ends, which embrace the upper half of the trolley wire, and are so con- 
structed that when once erected they are locked in position, although they can easily 
be unfastened when desired. The line is divided into six sections by means of section 
insulators, as shown in Fig. 278, so that it is possible to cut out any section without 
interfering with the traffic on the remainder of the railway. Under normal conditions 
each section insulator is short-circuited by a horn type switch, which can be opened 
and closed by means of a bamboo pole and book. When the railway was first opened 
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there was no long feeder, as the trolley wire had a sufficiently large section for the traffic 
conditions. The normal height of the trolley wire above the rail is 5-5 m , but this 
is reduced to 4-3 m. at the bridges — as shown in Fig. 279. 

Turning now to the rolling stock, electric locomotives are used for hauling the 
goods and passenger trains. Each weighs 20 tons and carries four motors on two 
bogies. The bodies are made of mild steel, and are provided with buffer gear and 
Westinghouse non-automatic air brakes. One of the locomotives is shown in Fig. 280. 
The high-tension current is collected by a pantograph bow collector, mounted on the 
roof, and passes through an insulated cable to an automatic circuit breaker, and then 
to the transformer, which is suspended inside the cab. This arrai^ement reduces 
the length of the high-tension cable to a minimum, the total length being only about 
10 ft. The whole of the high-tension apparatus is enclosed by a metal screen which 
IS earthed. One of the most notable features of the locomotives is the great simplicity 
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of the electrical connections. From the collector the current passes through the 
winding of an auto-transformer, one end of which is connected to earth. 

Several tappings are brought out from the low-tension end of the transformer 
and are connected to the fixed contacts of the controllers at each end of the loco- 
motive. Each notch on the controllers connects two successive tappings to a pre- 
ventive coil, the function of which is to prevent the motor circuit being broken 
when moving the controller handle from one position to another. The centre point 
on this coil is connected to the motors, which latter are connected in two groups, 
each group consisting of two motors in series. A cut-out is fitted in the base of 
each controller, so that either group of motors may be out out when desired without 
interfering with the other pair. An electrically driven air compressor fitted with an 
automatic governor suppHes compressed 
air to a main reservoir. The compressed 
air is used for the brakes and for raising 
and lowering the pantograph bow. In 
order to render it possible to operate 
the bow in the event of failure of the 
air compressor a hand pump is provided. 
A whistle is placed at each end of the 
locomotive, and is controlled by a push 
valve within easy reach of the driver. 

The motors are of the Westinghouse 

single-phase series compensated type, and 

have an hourly rating of 40 h.p. The 

power is transmitted from the motor 

shafts to the driving wheels through 

gearing, the pinions having fourteen 

teeth and the gear wheels seventy-six 

teeth, whilst the diameter of the driving 

wheels is 33 in. Each locomotive is 

capable of exerting a tractive effort of 

6,500 lb. at ten miles per hour and a 

maximum tractive effort at starting of 

8,000 lb. 

For the use of the directors of the „ , , „ ^ ., 

, , ,11 FiO- 2.fl,— Overhead Construction at a Sndge. 

company a saloon motor coach has been 

built. This coach, which is shown in Fig. 281, is 39 ft. 4 in. over headstocks and 8 ft. 6 in. 

wide at the waist rail, and weighs 22-8 tons. The interior is divided into a vestibule 

and driver's compartment at each end and two saloon compartments, separated from 

each other by a short passage. One compartment is fitted with a writing table and 

swinging arrhchair, and the other is furnished with cross seats and a central gangway. 

The body is carried on a substantial underframe, which is supported by two wing 

bolster trucks. One of these is equipped with two 40-h,p. motors similar to those 

used for propelUng the locomotives. 

The railway was formally opened on July 10th, 1908, and public traffic was 

commenced on July 15th. The passenger traffic has exceeded all expectations, 

and it is frequently necessary to run trains in dupheate on Sundays and 

holidays. The main contract for the whole of the work was entrusted to the 

British Westinghouse Company, through its agents in Norway, the Elektrick Bureau of 

Christiania, and the following firms acted as sub-contractors : — For the locomotive 
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bodies, W. G. Bagnall, Limited, Stafford ; and for the saloon motor coach, the United 
Electric Car Company, Limited, of Preston. The remainder of the rolling stock was 
supplied by the Skabo Railway Carriage Works, of Christiania. 



. 2SI).-aO-Ton Klectiic Locrnnotive. 



FlO. 281. —Saloon llotor ("ouch. 



THE RJUKAN RAILWAY 

The Bjukan Railway, in the South of Norway, has recently been electrified on 
the single-phase system by the A.E.G. Company. It is composed of two sections, 
which are separated by the Tinn Lake. The northern section, which extends from 
Saaheim to the Tinn Lake, is 16 km. long. The southern section is about 30 km. 
long and extends from Tinnoset to Notodden, along the Hitterdals Lake. A ferry 
across the Tinn Lake gives a connection between the two sections. The railway is 
mainly intended for the transport of saltpetre, which is manufactured in Saaheim 
and Notodden. A portion of the line passes through a forest, this having necessitated 
the overhead conductors being placed very near to the telephone wires. Trains 
having a traiUng weight of 290 tons are at present being drawn on the section from 
Notodden to Lilleherred by two locomotives. At present there are five locomotives, 
two being of the four-axle type and three of the two-axle type. The former, which 
have two bogie trucks, are fitted with four alternating-current motors, each rated at 
126 h.p. for one hour. The weight is approximately 46 tons. The two-axle loco- 
motives have two motors of the same size and weigh about 23 tons. A Une pressure 
of 10,000 volts has been adopted. The periodicity is 15 cycles per second. 

The overhead equipment is of the single catenary type, the distance between 
poles being about 60 m. On some sections bracket suspension is used, whilst on others 
cross suspension is employed. There is a separate converter station for each section 
of the line, wherein three-phase current is converted into single-phase current at a 
pressure of from 10,000 to 11,000 volts for use on the railway. The converter station 
at Vestfjorddals contains two converters, each consisting of a three-phase induction 
motor driving a single-phase generator having an output of 400 kilovolt-amperes, 
which supplies current to the Une. This converter station receives its energy from 
the Rjukan power station, about 5 km. distant. The southern section is fed from the 
Svelgfos converter station, which is situated in the same building as the power 
station. The converting plant in this instance consists of three converters similar 
to those described. 

A difficulty that arose in connection with the electrification of this line was that 
when the overhead wires were energised and the locomotives set to work disturbances 
were set up in the telephone circuits. The telephone wires are supported on ordinary 
insulators and are interlaced. Some of the telephone wires are only about 3 m. 
away from the track, and owing to the fact that this portion of the Une passes through 
a forest it was not possible to place them in a more favourable position. Trouble 
was therefore anticipated, and the question of using a telephone cable with its sheath 
earthed was considered, but as the manufacturers were unwiUing to guarantee the 
life of the lead sheath under the conditions existing, this idea was abandoned. The 
most troublesome causes of disturbance are the pressure drop in the earth return 
and electromagnetic and electrostatic induction. To eliminate the first trouble all 
single circuits near the high-tension conductors were provided with a metallic return. 
But in spite of this, when the locomotives were put into service the ringing apparatus 
was found to be very sensitive to the 16-cycle current. In order to eliminate 
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electrostatic charges discharge coils having a resistance of 760 ohms have been 
connected across the double telephone wire at a distance of 2 km. apart, the middle 
point of these coils being earthed. 

Notwithstanding the fact that the slots in the locomotive motors are skewed 
and that the specifications stated that generators were to be designed so that no 
harmonic should be more than 4 per cent, of the fundamental, very serious troubles 
in connection with the telephones were experienced. The starting of the locomotives 
produced noises in the receivers, and this occurred to a marked extent on the circuits 
composed of double lines. The noise, however, was most pronounced when the 
locomotives were in motion, and it was found to be independent of the speed of the 
engines or the strength of the commutating field. The annoyance became much 
worse in wet weather, and in some cases it was impossible to use the telephones. 
Ultimately investigations were undertaken by Dr. F. Marguerre, and particulars of 
the experimental work which he carried out were recently given in the Elektrotech-* 
nische Zeitschrift. The phenomenon was investigated by means of the oscillograph. 
Dr. Marguerre found that the trouble was caused by tooth pulsations in the generators. 
The harmonic in the pressure wave which was mainly responsible for the trouble 
was found to have a frequency of 568 cycles, and when the machine was dealing with 
an inductive load the amplitude increased up to 17 per cent, of the fundamental 
wave. An inductive load greatly intensified the trouble. 

The trouble was finally overcome, or at any rate considerably diminished, by 
connecting a resonance circuit across the terminals of the generators. The values 
of the capacity and self-induction of this circuit w^ere so chosen that a short-circuit 
was produced for a frequency of 560 cycles, so that no pressure at this frequency can 
exist on the overhead line. Experiments indicated that a capacity of '2 microfarad 
and an inductance of '4 henry gave the best results. The current in the resonance 
circuit does not exceed '36 ampere, indicating that the alternators have high reactance, 
a condition that is necessary to enable the high frequency pressure to be suppressed. 



CHAPTER IX 

THE SWEDISH STATE RAILWAYS 

In Sweden the electrification of railways is of great importance, for the country 
contains little coal. Coalfields exist only at a few places in the extreme south, and 
nearly the whole supply has to be imported. The State Railway authorities purchase 
approximately £400,000 worth of English coal per annum, and the privately-owned 
railways about the same amount. 

But Sweden is rich in waterfalls, and with a view to utilising these the State 
began, as far back as 1902, to consider the electrification of its railways, and 
experiments were carried out during 1905 — 1907 on the lines between Tomteboda 
and Vartan and Stockholm and Jarfva, at pressures up to 20,000 volts. 

The results of these experiments led the Government to conclude that a 
single-phase 15-cycle system would be most suitable for the State Railways. 

The first lines considered were those with heavy and regular traffic, and not far 
from a waterfall, and it was finally decided to electrify the Kiruna-Riksgransen Une, 
in the extreme north, a Une used chiefly for transporting ore. 

Kiruna is celebrated for its iron ore deposits, which are worked from the surface. 
Ore is delivered into three-axle, self-discharging waggons, weighing 11 tons empty 
and 36 tons full, and is taken from Kiruna to the Norwegian port Narvik, via Abisko 
and the frontier town Riksgransen. The Kiruna-Riksgransen line is approximately 
eight miles long. 

The State is under an agreement with the Kirunavaara-Luosavaara Co., the 
contractors for transporting the ore, to carry a constantly increasing weight of ore 
yearly. Thus, 1,660,000 tons were carried in 1908, and the State is compelled to 
transport 3,850,000 tons in 1918. With steam traction on the existing single track, 
this increase in traffic would be impossible, unless the line were duplicated in places 
and a number of steam locomotives of the heaviest type provided. 

But the electrification of the line has made these alterations unnecessary, 
because the additional carrying capacity can be obtained by employing heavier 
trains running at higher speeds. The maximum safe length of train originally 
consisted of twenty-eight ore waggons, and one two-axle goods van ; longer trains 
were found to throw too great a strain on the couplings. Oscillations are set up in 
slow running steam-driven trains on account of the tractive effort varying with the 
position of the piston, and the couplings break. Generally the trouble is confined 
to the couplings at the rear of the train. 

With electric locomotives the length of the trains can be increased to forty ore 
waggons and one goods van, nearly 50 per cent. The speed was originally limited 
by the pounding action exerted by the oscillating masses of the engine on the 
couplings and rails, and could not safely exceed 26 miles per hour on the level. It 
fell to 7t miles per hour when the trains were on the steepest gradient (about 1 per 
cent). With electric locomotives the maximum speed on the level is between 30 and 
40 miles per hour, and can be maintained at 18 miles per hour up the inclines. It 
is calculated that the annual saving will amount to approximately £23,000 when 
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3,850,000 tons of ore are carried per annum. The absence of smoke is also of great 
advantage. Between Abisko and Bjorkliden the line has gradients up to 1 per cent. 
This maximum gradient is met with in a tunnel 1,200 yards long, and the steam 
engines had to develop full load on entering. The resulting volume of smoke was 
very troublesome. 

All things considered, there can be no doubt that the report of the Railway 
Department to the Swedish Parliament, on April 4th, 1910, recommending the 
electrification of the Riksgransen line and erection of a power station was entirely 
justified. 

On May 20th, 1910, the Swedish Government adopted the report and voted 
Approximately £1,200,000 for the scheme. 

The execution of the entire scheme was placed in the hands of two firms, viz., 
AUmanna Svenska Elektriska Aktiebolaget Vesteras, and Siemens-Schuckert. 

Although the line is primarily used for goods traffic, there are also a certain 
number of passenger and express trains. There is a fairly heavy tourist traffic in the 
summer, for the surrounding country is very picturesque. The line is the most 
northerly in the world ; it lies within the Arctic circle. The line can be divided 
into two parts, i.£., from Kiruna to Nuolja tunnel (four miles from Abisko), and from 
here to Riksgransen. On the southern portion the snow plough and other devices 
in use in the north of Sweden are quite capable of keeping the line clear. But 
special measures have to be taken to deal with snow on the northern section. Snow 
galleries had to be built in and near cuttings, and a concrete tunnel to protect the 
line from avalanches at both ends of the Nuolja tunnel. Of the nineteen miles of 
the northern section, four and a half are in tunnels or snow galleries, and the 
remaining unprotected parts of the line have to be kept clear by rotary ploughs. 

The railway has single track throughout except in stations. Its gauge is 4 ft. 
8-| in. ; the steepest gradient is 1 in 100, and the sharpest curve has a radius of 
660 yards. 

For generating electric energy it was decided to utilise the Porjus fall of the 
Lulealf river, seventy-five miles south of Kiruna, as if necessary its power can be 
increased very greatly later on. Sufficient energy for operating the railway and for 
present industrial purposes can be obtained with an average quantity of 5,300 gallons 
of water per second. But an output of five times this amount can be secured at 
comparatively small expense. The fall can give an average of 65,000 h.p. through- 
out the year. By regulating the river it is possible to increase the power of all 
the other falls lower down the Lulealf river, so that the State would have, on an average, 
300,000 h.p. at its disposal. All the State Railways will eventually be electrified on 
the single-phase system. 

The power house is built to accommodate for the present five 12,500 h.p. turbines. 
Three drive single-phase alternators generating current at 5,000 volts and a periodicity 
of fifteen periods per second for the railway. The other two turbines are coupled to 
three-phase alternators and supply current at twenty-five periods for various purposes. 

The switch-house is built above ground, and the electrical connections to the 
machine room are led through a shaft in the rock. A railway to the Porjus power 
station is being built. This is a line thirty-three and a half miles long, connecting 
Porjus with Gellivare. Gellivare is one of the chief stations on the Lulea-Kiruna- 
Riksgransen line, and is some sixty-two miles from Kiruna. The Porjus to Gellivare 
branch forms part of the projected main inland railway. 

The 5,000-volt single-phase current is transformed up to 80,000 volts and is 
supplied to the sub-stations by overhead wires supported on iron poles. The feeders 



THE SWEDISH STATE RAILWAYS 237 

follow the railway track from Porjus to Gellivare, and then branch oflf across ten 
miles of desolate and uninhabited country to the main Une, which it follows to the 
various sub-stations. These are situated at Kiruna, Tometrask, Abisko, and 
Vassijaure. Each sub-station contains transformers for reducing the pressure from 
80,000 to 15,000 volts. The transformers are rated at 1,000 K.V.A. on continuous 
load, and 2,700 K.V.A. momentary. 

The single catenary system of suspending the overhead wire has been adopted. 
The catenary wires are supported from wooden poles placed 33 yards apart, and the 
overhead wire is held by droppers. When passing through tunnels and snow galleries 
the wire is supported at shorter intervals than in the open. Automatic tightening 
gear for the overhead wire is also provided. 

The locomotives are of special interest. Those for the ore trains weigh about 
100 tons each, all the weight being utilised for adhesion. The engines are composed 
of two exactly similar parts joined together by a short coupUng. Each part, which is 
complete in itself, is carried on three pairs of driving wheels, and is provided with a 
motor controlling apparatus and current-collecting gear. The motor is mounted in 
the body of the locomotive, and drives a jack-shaft by means of two connecting rods 
set at 90 degrees to one another. The jack-shaft is at the same height as the driving 
wheels, and is connected to them by coupling rods. The weight per axle is 16*7 tons. 
Each half-locomotive can be changed separately, so that the stock to be kept in 
reserve is reduced to a minimum. 

The locomotives for the passenger and express trains are of the 2 — B — 2 type, 
and contain one motor similar in all respects to those in the goods locomotive. Since 
they only have to draw comparatively Ught trains (about 200 tons exclusive of 
engine), they have been designed with two pairs of driving wheels and two axle bogies 
fore and aft to ensure smooth running at high speeds. These locomotives weigh 
about 70 tons each. 

Mineral trains consist of forty ore waggons, one luggage van and a locomotive 
at each end, the total weight when loaded being about 2,050 tons, and the maximum 
speed being about 31 miles per hour. A speed of about 19 miles per hour can be 
maintained up the steepest gradient (1 in 100) and round the sharpest curve (550 
yards radius). In addition, the two locomotives are able to start the train on the 
steepest incline and on the sharpest curve, and are capable of developing an average 
effort of 686,400 lbs. The express locomotives are designed for a maximum speed 
of 62 J miles per hour. As stated at the beginning, as far back as 1905 the Royal 
Swedish State Railway authorities undertook some trials with main line trains on 
the Tomteboda line near Stockholm, one of the principal objects being to determine 
the safe limits of the working pressure. The rolling stock used consisted of two loco- 
motives and two motor coaches, and the contractors associated with the work were the 
Siemens-Schuckert Company, the AUgemeine Elektrizitats-Gesellschaft and the British 
Westinghouse Company. The locomotive shown in Fig. 282 was constructed by 
Siemens-Schuckert, and was used in connection with the above-mentioned trials. 
Fig. 283 shows the transformer belonging to the locomotive. The primary winding is 
arranged so that it can be connected for 5,000, 7,500, 10,000, 12,500, 15,000, 17,500 
or 20,000 volts, whilst the secondary winding is provided with tappings, so that the 
pressure may be raised from 160 volts to 320 volts in steps of 20 volts. The capacity 
of the transformer is 300 kw. Two additional tappings are also provided, giving 
120 and 240 volts, the first for the Ughting and heating circuits of the locomotive 
and for working the auxiUary motors at low speed, and the second for working the 
auxiUary motors at full speed. The transformer connections are shown in Fig. 284. 
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Before dealing with the electrical equipment in detail, however, a word or 
two may be said with regard to the duty of the locomotive and its mechanical 
design. The locomotive weighs 36 tons, and is specially constructed for hauUng 
goods trains at a speed of 45 km, (twenty-eight miles} per hour on the level, or 24 km. 
(fifteen miles) per hour on gradients of 1 per cent. Provision has been made for 
increasing the speed to 65 km. (just over forty miles) per hour by changing the gear. 
Behind the driver's cab is a large compartment which contains the transformer, 
switch gear and safety appliances, also two auxiliary motors for the pneumatic brakes 
and a cooling motor. The main motors are situated under this compartment, and, 
as will be gathered from the diagram of connections. Fig. 284, there are three motors. 

Over the centre of the compartment containing the transformer, etc., there is 
a small superstructure, through which the high-tension leads pass. This serves to 
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support the current collector, and is built so as to provide an inlet for the cooling air. 
The locomotive is equipped with automatic vacuum brakes which act on twelve brake 
blocks, giving a total braking pressure equivalent to 80 per cent, of the weight of the 
locomotive. Hand brakes operated by means of a wheel in the driver's cab are also 
fitted. Sanding gear is provided for the two front wheels. Each of the three axles 
is driven by compensated series motors fitted with commutating poles for preventing 
sparking. 

As explained above, this locomotive was constructed tor experimental purposes, 
and in order that it might be operated with the voltages mentioned, arrangements 
were made at the power house for supplying the various pressures for which the main 
transformer is wound. The primary winding of the transformer (shown in Fig. 283) 
is divided into eight 2,500-volt sections, so that when all these are connected in series 
the locomotive can be worked at 2,500 x 8 ^ 20,000 volts. It is, of course, under- 
stood that in the experiments referred to the primary transformer connections were 
arranged for the different experimental voltages at the commencement of each trial, 
and that no alteration of the primary connections was necessary whilst the loco- 
motive was at work. It is quite unnecessary to enter into all the details shown in 
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the diagram ot connections, since the general scheme of the wiring can easily be 
followed. It may be pointed out, however, that the controller consists of a main 
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barrel carrying contacts for altering the connections to the motors, and an additional 
small barrel on which the arcs are broken. 

The controller, reversing switch and main air pump switch are all operated by 
hand without the intervention of compressed air gear or other similar arrange- 
ments. The handles for the three above- 
mentioned switches are interlocked, so 
that the reversing switch can only be 
moved when the current is cut off from 
the motors, and the main high-tension 
switch can only be closed when the main 
controller barrel is in the off position. 
Current is collected from the over- 
head wire by two automatic reversing 
aluminium bows mounted on frames, the 
spindles of which are coupled in such a 
way that the bows move vertically up 
and down. The frames are raised by 
springs and the bows held upright on 
the frames by separate springs. The 
pressure between the bow and trolley wire is the same at all heights, and the bow 
can be lowered by means of a cord leading to the driver's cab. From the bows the 
current is conducted to the transformer by means of bare rods mounted on insulators, 
and these rods pass through the superstructure to be seen at the top of the locomotive. 
A horn lightning arrester is fitted to the locomotive, one pole of which is connected 
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to the high-tension circuit and the other through a high resistance to earth. Each 
motor is rated at 110 h.p. at 320 volts and 25 periods. The gear is constructed 
so that the ratio can be changed from 1 : 5 to 1:3. An illustration of one of the 
motors as used on this experimental locomotive is given in Fig. 285. It will be gathered 
that forced ventilation has been adopted. The rotary blower, which is indicated on 
the diagram of connections, supplies air under pressure to each of the three motors. 
It runs at 1,725 revolutions per minute and deUvers 40 cub. m. of air per minute 
at a pressure corresponding to 75 mm. water column. The power required for 
operating the blower is 1*8 h.p. Air is sucked in at the sides of the upper part of the 
locomotive, and in order to eliminate the presence of dust in the working parts it is 
drawn through a filter consisting of a series of small mesh sieves. It will be gathered 
from the illustration, Fig. 285, that the air enters the casings of the motors through 
pipes and leaves by way of slots, to be seen on the outside of the motor casing. 
The transformer is oil-cooled, and in order that the temperature may not become 
excessive the oil is circulated by a small pump. The pump draws the oil through 
cooling pipes round the outside of the locomotive. The motor which drives the 
blower and air compressor also serves for operating the oil pump. The small air 
compressor supplies compressed air to the whistle pipes. 

Since this is an experimental locomotive it follows that the general construction 
differs somewhat from other locomotives which have been constructed for a specific 
purpose. The experiments carried out with this locomotive, however, went to show 
that the use of 20,000 volts on the trolley wire is quite practicable. 

Variotis Railways, — The Board of the Swedish State Railways has just laid before 
the Government a plan for the electrification of certain sections of the State lines. The 
first of these to be electrified wiU be the eastern section of the Lapland lailway from 
Kirunavaare to GeUivare, Lulea and Svartow. Also it is proposed to extend the 
electric working of the Stockholm-Marsta section of the North Trunk line (proposed 
some time ago) to Upsala and Krylbo. Of railway lines south of Gothenburg it is 
proposed to electrify the Stockholm-Gothenburg line, the Katrineholm-Norrkoping 
section, the Pama-Nykoping-Malmo-Trelleborg sections, and the Gothenburg-Malmo 
line. For the provision and transmission of power for these lines two systems of 
transmission are to be employed, both starting from Trollhattan. The two systems 
of lines, which are to transmit energy at 80,000 to 100 000 volts, are to foUow the 
railways as far as possible, and at about every 26 miles transformer stations are to 
be built to transform down to 15,000 volts, which is to be the working pressure. 
Provision is also to be made at these stations to supply current for lighting or power 
purposes to outside consumers. 
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Although it is frequently stated that the single-phase system can only show 
an advantage when it comes to electrifying long-distance main lines, it has 
been shown that single-phase alternating current has been employed with marked 
success on traction systems which are really Uttle more than tramways and where 
the roUing stock is very Ught. Perhaps the most interesting example of this 
description is to be found in the province of Parma, where the tramways are worked 
in this manner. Fig. 286 gives a map of these Unes. It appears that the question 
of whether single-phase or continuous current should be used was gone into very 
thoroughly, and after a great deal of discussion a commission was appointed to settle 

this point. The outcome of this was 
I that the single-phase system was recom- 

mended. The pressure decided upon 
for the outlying or country lines was 
4,000 volts and for the town lines 
400 volts. Attention has already been 
directed to the fact that the alternating- 
current system is particularly suitable 
where it is desired to use two distinct 
pressures, and several railways worked 
in this way have been described. In 
car sheds, for example, it is generally 
desirable to use a lower pressure than 
that employed on the Unes outside, and 
with the single-phase system this can 
be arranged for without comphcating 
the electrical equipment. In the case 
under consideration, however, the lower 
pressure is used on the town sections 
of the lines in the interests of public 
safety. The periodicity is 25 cycles per second. It was thought that the alternating- 
current system might interfere with the working of the telephones, but up to the 
present no troubles of this kind have occurred. The lines were put into operation 
in May, 1910, and Siemens-Schuckert carried out the electrical work. 

Owing to the fact that a steam plant is used for supplying power to the system, 
it was necessary to erect the generating station in the vicinity of the town portion 
of the Une, because this was the most favourable spot for obtaining circulating 
water for condensing purposes. The generating plant consists of two horizontal 
two-cyhnder steam engines constructed by Franco Tosi, of Legnano, which run at 
a speed of 125 revolutions per minute. Each engine is coupled to a single-phase 
alternator having a normal capacity of 755 kilovolt-amperes at 4,000 volts, 25 cycles. 
The maximum load which can be put on the machines, however, is 1,000 kilovolt- 
amperes. There are also two vertical steam engines capable of developing about 
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55 h.p. Each of these engines is coupled to a continuous-current dynamo which 
works at a pressure of HO volts. These sets are used for exciting the alternators 
and also for lighting the power station, car sheds, and workshops. The boiler-house 
contains four Cornish boilers, which work at a pressure of 180 lb, per square inch. 

For the purpose of lowering the pressure to 400 volts for the Unes in the vicinity 
of the town three oil-cooled transformers are used, each of which has a normal 
capacity of 45 kilovolt-amperes and a maximum output of 135 kilovolt-araperes. 
These have been erected in the power-house. Transformers of the same output 
are also provided at the four farthest points of the town network, and two or three 
of these can be connected in parallel as desired. 

In the immediate vicinity of the power station there is a car depfit, as shoivn 
in Fig. 287, which has ten tracks 50 m. long. At this point there is also a goods 
station, workshops, and a large storage shed. The usual inspection pits are provided 
inside the car shed. The maximum height of the overhead wires above the rails is 
6 m.. but on the Milano- Bologna line the height is only 41 m. This portion of the 
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hne is only subjected to pressure when a car is passing over it and at other times it 
is dead. In the car sheds the height of the wire is 55 m. There are also car sheds 
at the Marzolara Station, and here the height of the overhead wire is 51 ra. The 
outlying lines have a total length of approximately 38 km. The smallest curve 
radius is 40 m., and the greatest speed is 40 km. per hour. 

The high-tension overhead equipment was constructed by Siemens-Schuckert. On 
the straight portions of the Une the points of suspension are 64 m, apart. An example 
of the overhead equipment on a straight portion of the track is given in Fig. 288. 
The suspension cable has a sag of 1*5 m. The auxiUary suspension wire is hung from 
points 16 m. apart on the suspension cable and the conductor at every 8 m. on the 
auxihary wire. A copper wire having a section of 35 sq. mm. is used for the overhead 
conductor. This is stretched in accordance with the method adopted by Siemens- 
Schuckert. An example of the wire tightening gear is shown in Fig. 289. THe 
counter-weights to be seen at the sides of the poles weigh 300 kilos. On the open 
track poles of chestnut wood are used, as shown in the illustration of the lines at 
Stradella, Fig. 290. At stations, however, iron lattice poles are employed, as shown 
in the illustration of the Fomovo Station, Fig. 291. The iron poles, brackets on the 

r2 
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wooden poleB, and the supports on the houses, etc., are atl connected to the rails by 
means of 8 mm. galvanised iron wire. 

The rails are also well earthed at points 1,500 m. apart by connecting them to 
earth plates buried in moist soil. It will be gathered from the illustrations that 
double insulation is used throughout the high-tension overhead equipment. Section 
insulators are interposed in the overhead line at every intermediate station, which 
under nonnal oonditioi^ are bridged over in the usual manner. A section switch at 
Gajano is shown in Fig. 292. If necessary, any section behind a roadside station 
can' be made dead. The horn switches are operated by means of poles. At the 
roadside stations lightning arresters are 
connected to the overhead lines. These 
are of the horn type, and in three places 
they are directly connected between the 
hues and earth. At eight other points 
resistances are used in conjunction with 
the horn lightning arresters, and in those 
cases there is a smaller distance between 
the horns. This system of protection is 
said to have proved very successful in 
practice. Roadside stations on the out- 
lying lines are connected with Parma by 
telephones. There are also two other 
separate telephone lines, one between 
Parma and Marzolara and the other 
between Parma and Fompvo. The inter- 
mediate station. Stradella (see map, 
Fig. 286), is also connected by telephone 
to both branch lines. The telephone 
wires, which are of siUco bronze, 15 mm. 
in diameter, are supported on the poles 
which carry the contact wire, as shown 
in Fig. 288, The two wires of each line 
are crossed at every second pole, repre- 
senting a distance of 128 m. Small 
transformers, having a capacity of 1 
Fio. 288.-Higl..Ten«<.n Wires on Open Track, kilovolt-ampere, are used at the stations 
for lighting purposes. Current for hght- 
ing is taken from the secondary windings at a pressure of 110 volts. 

The point at which the 4,000 and 400 overhead wires approach one another is 
in the immediate neighbourhood of the power station. At this point a change is also 
made in the form of the overhead construction, the latter being of the ordinary- 
tramway type on the town hnes. The transition point, as it is termed, is shown in 
Fig, 293. There is a dead section of hne between the high and low tension wires, 
which is about 16m. long. The town Unes extend for a distance of about 125 km., 
the length of track, including the car yards, being about 146 km. They consist 
chiefly of main lines crossing at the Piazza and Garibaldi, in the centre of the town. 
One of these lines connects the Barriera Nino Bixio — the end of the outlying lines — 
with the State railway station, whilst the other passes through the town and runs 
to the great " Via Emilia," the principal street between the small towns of Reggio, 
Parma and Piacenza. Outside the town boundaries the lines are extended as far 
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as the neighbouring places of St. Lazzaro-Parmense, St. Leonardo and Crocetta. 
In addition, there is a circular line which connects the Barriera Garibaldi with 
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Btiriiera Vittorio Enianuele, as well as a connection from the Barriera Nino Bixio 
to the Friedhof. 

On the town sections the overhead lines are constructed in accordance with the 
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usual practice adopted on tramways, and the bows on the cars are used for collecting 
the current, as on the outlying lines. In some cases the overhead wires are suspended 
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from fittings attached to the houses, whilst in other instances poles with 
brackets are used. A view showing the overhead construction on one part of the 
town lines is given in Fig. 294. The section of the low-tension wires is 55 sq. mm. 
The 4,000-volt lines are fed at the beginning of the track near the Barriera Nino 
Bixio by means of an overhead Une from the power-house. This line, which consists 
of a copper wire having a cross section of 96 sq. mm., is carried on insulators mounted 
on the lattice poles of the tramway system. Guard nets and short-circuiting hoops 
are provided for ensuring safety in the event of a wire breaking. The transformers 
in the town, on the other hand, are fed by means of a high-pressure cable having a 
total length of 6,300 m., which is laid underground. The primary return circuit is 
also through the cable, and is therefore independent of the rails. The secondaries 
of the transformers are connected to the low-tension overhead wires by means of a 
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rubber insulated cable, whilst the rails are coruiected to the secondary windings by 
meaoB of tirmed copper cable, which is laid in the ground. 

For the outlying lines there are ten motor cars capable of seating seven first- 
class and twenty-one second-class passengers. There are also luggage compartments 
capable of carrying luggage up to a weight of one ton. A good deal of standing 
room is available in these cars. In addition, there are eleven passenger carriages, 
consisting of one saloon carriage with twenty-four seats, six second-class carriages 
with about thirty-six seats, and four second-class carriages with about twenty-eight 
seats. There are also goods trailer cars capable of carrying a load of about eight 
tons. A train as made up for heavy passenger traffic is shown in Fig. 295. It 
consists of one motor car and three trailers. A motor car with the high-tension 
chamber opened is also shown in Fig. 296, and a drawing of one of these cars ia given 
in Fig. 297. The diameter of the driving wheels is 900 mm. Each bogie is equipped 
with a four-shoe brake. The wheel base measures Vi m., and the distance between 
the two driving axles is 55 m. The body of the carriage is 106 m. long, and the 
greatest length over the ends of the car 11'42 m. The total breadth is 231 ra. The 
first-clasB compartment has transverse seats, and the second-class partly transverse 
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and partly longitudinal. Between the firat and second class compartments there is 
the luggage space, which also serves for the mail bags. 

Current is collected from the overhead wires by means of spring bows. They 
are raised and lowered hy compressed air, and are controlled by means of a three- 
way cock in the driver's compartment. In order that the driver shall be able to 
operate the hows in the event of the air compressor equipment breaking down, a 
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hand-operated air pump is provided. The cars are also equipped with hand and 
air pressure brakes, the latter being of the Siemens-Schuckert type. Each motor 
car has two brake cyhndera, both of which operate on the eight brake shoes of the 
car. By reason of the large quantity of air which the brakes of a motor car and three 
trailer cars require, each motor car is fitted with two main air reservoirs, each having 
a capacity of 100 litres. These two reservoirs are connected in series, this arrangement 
presenting the advantage that two places are provided for the oil, which leaves the 
compressor to deposit. There is thus less chance of its flnding its way into the air 
brake conduits. 

The electrical equipment of the cars consists of two Siemens-Schuckert series 
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motors, each having a capacity of 70 h.p. on the one hour rating. The remainder 
of the electrical equipment comprises the transformer for reducing the contact line 
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pressure, the controllers, which are similar to the ordinary tramway type, the motor 
compressor for the sir brakes, the reversing switches, cut-outs, and hghting and 
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heating apparatus. The high-pressure apparatus comprising the oil switch circuit 
breakers, etc., are placed in a high-tension chamber under the car. This chamber can 
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only be opened after the current collector has been lowered and after the high- 
pressure circuit has been earthed. 

A diagram of electrical connections for a motor car is given in Fig, 298. Here 
A ia the current collector, C the choking coil, D the automatic oil switch, E earth, 
F the switch for changing the connections for high and low pressure working, G the 
main transformer, GI auxiliary turns on the main transformer connected with the 
motor windings, HH the main controllers, HI the blow-out magnet, H2 the reversing 
drums, J a choking coil, K the low-tension current switch. Ml, M2 the 70 h.p. series 
motors, N the air pressure cyUnder for actuating the bow, the switch for the air 
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pump motor, P automatic air pump switch, Rl, R2 the brake cylinders, S out-outa, 
T lamps, U heaters, and V a hand-operated switch for air pumps. 

The main oil switch is provided with an electrically operated release gear, the 
relay of which is connected in series with the main circuit, so that in the event of the 
motors being overloaded the main circuit is opened. This action is independent 
of whether the ear is working on the 4,000 or 400-volt circuit. The trip gear can 
also be made to actuate the switch by pressing a button in the driver's compartment. 
Moreover, the high-tension switch can also be opened or closed without the relay 
being brought into use, but this is not possible when the controller handle is in any 
of the running positions. 

From the main oil switch the current is conducted to the change-over switch F 
which is used at the point of the line shown in Fig. 293, where the change in the 
working pressure is made. It will be gathered from the diagram of connections 
that when the cars work on the low-tension system the current from the overhead 
wire passes into the thick winding of the transformer, when the latter acts as an 
auto-transformer. When working on the 4,000 hnes, on the other hand, the high- 
tension current is sent into the thin wire winding, when the low-tension current is 
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taken from the secondary of the transformer in the usual manner. When the cars pass 
from the low to high pressure sections of the line the change-over switch on the motor 
cars is actuated automatically, a lever on the cars striking a fixed point on the poles, 
shown in Fig. 293. The lever which actuates the change-over switch is to be seen 
on the top of the drawing, Fig. 297. When this lever comes into contact with the 
projection on the poles the change-over switch is thrown over by means of a counter- 
weight and spring, so that the switch blade fits into the high-pressure contacts. The 
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Fig. 298.- Connections for Motor Car. 



change from high pressure to low, on the other hand, is eflFect^d by hand. This can 
only be done when the controller handle is in the *' off " position. 

The low-tension side of the transformer has six tappings giving pressures of 
183, 217. 250, 284. 317 and 350 volts. The controllers diflFer from the ordinary 
tramway type in that there are two separate groups of contacts. The motors are 
six-pole series machines with auxiliary excitation for compensating armature i*eaction. 
The auxiliary winding is fed from additional turns wound on the core of the trans- 
former. The Ughting and heating circuits are worked at a pressure of 400 volts, four 
lamps being connected in series. The electric heaters are placed under the seats and 
the metalUc cases are earthed. 



CHAPTER XI 
THE NEW YORK, NEW HAVEN, AND HARTFORD RAILWAY 

In a letter to The Times, June 26th, 1912, Mr. W. S. Murray, the chief electrical 
engineer of the New York, New Haven, and Hartford Railway, wrote as follows : — 
'' Our power house contains plant having a capacity of 45,000 h.p. for the generation 
of single-phase current. Our track equipment for 1913 will be 552 miles. Our 
locomotive equipment, including multiple-unit motor cars, will be 151 units, and 
our engine and motor car capacity for developing power will aggregate 128,800 h.p. 
The investment cost of the system will be between 75 and 80 per cent, of that 
required for an equal direct-current electrification. Our all-day efficiency is 15 per 
cent, higher than the direct-current third-rail system. These are some of the facts 
that indicate the faith the board of directors of the New York, New Haven, and 
Hartford Railway have shown in spending upwards of £3,000,000 on the single- 
phase system." 

Practically all the railway service between New York and Boston, as well as the 
New England States, is over four Unes of this railway. The trains pass into the Grand 
Central Station in New York City over the lines of the New York Central and Hudsoa 
River Railway, which is electrified on the continuous current system, and works at 
a pressure of 650 volts. 

On leaving the Grand Central Station, the trains of the New Haven system pass 
over twelve miles of rails of the New York Central system, and are supplied with con- 
tinuous current from a third rail. They then pass on to the New Haven rails at full 
speed, and receive alternating current at 11,000 volts from the overhead trolley wires, 
which extend for a distance of twenty-one miles to Stamford, a total distance of 
thirty-three miles from New York, this being the end of the initial installation 
of the single-phase system. At the time of writing the system is leing extended 
from Stamford to New Haven. 

Thus when this is completed the electrified zone will extend from New York to 
New Haven, and will include the Harlem branch, with its extensive goods yards 
alieady electrified. This latter branch, which is connected with the electrified main 
line at New Rochelle Junction, enables all shunting operations on the New Haven 
system to the west of Stamford to be carried out electrically. The directors of the 
New York, New Haven, and Hartford Railway have decided to electrify the main hne 
between Boston and Providence, employing the single-phase overhead system, as 
now in use and under construction between Woodlawn and New Haven. The line 
will consist of four tracks. A large power plant is to be built at Readville, Mass., 
for the operation of the system. With the completion of the Boston-Providence 
section and the extension from Stamford East to New Haven, nearly half the 
distance from New York to Boston will be covered by electric trains. Pending the 
construction of a tunnel under Boston connecting the New Haven and Boston and 
Maine system, several lines at the South Station in Boston will be equipped for 
electrical working. The estimated cost is about £1,400,000. 
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The complete system fed from the common power houae at Cos Cob com- 
prises the main line of the New York, New Haven, and Hartford Railway between 
Stamford and Woodlawn, the six-line Harlem river, goods, and passenger connection 
from New Rochelle to the Harlem River Station, and the New York City and New 
York, Westchester, and Boston line running from the West Farms connectioti to the 
Harlem River branch up to Whit* Plains, 
New York. Throughout this extensive 
area there is not a single suh-station. 
The pressure on the overhead wire is 
1 1,000 yoits and the periodicity 25 cycles 
per second. 

The New Haven overhead construe - 
tion aa illustrated in Fig. 300 consists 
of a steel contact wire suspended every 
10 ft. from a copper wire, which is in turn 
suspended at intermediate points from 
two ateel catenary cables by triangular - 
shaped hangers. These cables are sup- 
ported upon insulators resting upon steel 
bridges spaced at a distance of 300 ft. 

apart. A later type of overhead con- . Fio. 299.— Overhead Construction. 

struction used on the Harlem branch is 

shown in Fig. 299. As there are generally four sets of rails, and sometimes more, 
the light steel bridge.'* are made to span all the hnes and to carry as many sets 



Fig. 300. — ^Train on Xew Yoik, New HaTeii, and Hartford Uailway. 

of conductors as there are tracks. Stronger bridges, to which the catenary 
cables are anchored, are erected about every two miles. At certain points 
these anchor bridges are utilised to support block signals and to carry 
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oil circuit breakers, which enable sections of the overhead wires to be discon- 
nected. Under normal conditions all the overhead conductors and the supporting 
cables are connected together electrically and fed from the power house at Cos 
Cob. 

In a paper read some Uttle time ago before the American Institute of Electrical 
Engineers, Mr. W. S. Murray drew attention to the beneficial results which have 
been obtained from the use of the steel contact wire, and it was shown that the 
wear on the wire after it had been in use for a period of thirty months was only -028 in., 
which is practically 4* 6 per cent, per year of half the diameter of the wire. This 
would appear to indicate that the life of the wire is over twenty years. But Mr. 
Murray considers that it will last considerably longer than this, because as the 
vertical diameter is decreased the breadth of contact increases, thus diminishing the 
rate of the wear in a vertical direction. 

Mr. Murray also draws attention to the fact that the wire is practically free from 
corrosion, as it is constantly covered with a film of grease, a generous amount of this 
material being placed on the bows of the locomotives and motor coaches. The steel 
wire acts as a longitudinal spring of constant length, and the tension only varies 
with the temperature. Since the coefficient of expansion of the contact wire and 
supporting catenary cable are the same, the difficult adjustments which are often 
met with when a combination of copper and steel is used are avoided. It was antici- 
pated that owing to the smaller coefficient of expansion of steel as compared with 
copper, extreme variations in temperature might cause the contact wire to break, 
but, happily, this trouble has not manifested itself. Experience with this steel contact 
wire justifies its presence, and it is also used on the New York, New Haven, and 
Hartford branch and the New York, Westchester, and Boston section, thus serving 
for some hundreds of miles of single track. 

When the problem of electrifying these lines first presented itself, Mr. Murray 
considered several distribution systems. Four of the systems which were gone into 
were as follows : — (A) The generation of three-phase current transmitted along the 
line at 11,000 volts and the pressure transformed down to 3,300 volts for use on the 
contact wires, the overhead lines being divided into three equal parts and each part 
suppUed with current from the individual legs of the three phases. (B) The same 
arrangement as described above, with the exception that the step-down transformers 
supply current at a pressure of 6,600 volts. (C) Three-phase generation at 1 1,000 volts 
with 11,000-volt transmission along the track, the overhead conductors of the latter 
being divided into two equal parts, each part having its contact wires connected 
through the transmission lines to one of the three bus-bars at the power house, the 
remaining bus-bars being connected to the rails. These three schemes are shown in 
the diagrams 1, 2, and 3, Fig. 301. It is obvious that any division supplied with 
current from a given phase of the generators might be sub-divided into as many 
sections as desired. In the case of the fourth system (D) the current is generated at 
11,000 volts and transmitted along the track at this pressure, but only one phase of 
the three-phase generators suppUes current to the secticfnalised sections of the over- 
head equipment. The three-phase Unes, however, are extended throughout the 
electrified zone, and serve for supplying ciurrent to the polyphase motors in the 
workshops and for the operation of motor generators, etc., in connection with local 
direct-current railway plants. The diagram, Fig. 302, shows this system, which was 
applied originally to the railway with which Mr. Murray is connected ; this diagram, 
however, does not represent the present system. 

The systems (A), (B), and (C) would appear to oflFer better opportunities for 
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distributing the load in the windings of the generators, but this is open to question on 
account of the possibility of unequal distribution of the trains on the sections fed 
from the three different phases. A disadvantage of three-phase distribution is that it 
introduces complications in connection with the overhead wires. Mr, Murray considers 
that for an equal weight of copper in the overhead lines, single-phase distribution is 
more efficient than any three-phase scheme. He believes that it is generally agreed 
that the single-phase system of distribution is the best. Recently, however, the 
running rails of this line have been connected to the centre points of 22,000-volt 
transformers. The new scheme is described in The Engineer of April 24th and 
May Ist, 1914. Although the pressure between the overhead wires and earth is still 
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Fig. 301. — Distributing Systems Employing Three-Phase Oenerators. 



11,000 volts, transmission of current between the generator and track is carried out at 
22,000 volts. 

A modification of the scheme (D) was at one time considered : it was proposed 
to generate three-phase current at 11,000 volts and to distribute single-phase current 
for traction purposes, the pressure being reduced along the line to 3,300 or 6,600 volts, 
and the current at this pressure supplied to the various sections of the overhead 
line. Apparently three-phase current would have been used for the shop motors, etc., 
as already described. It is obvious that three-phase current might be supplied 
to outside consumers. But owing to the fact that a shock from a 3,300 or a 
6,600 volt line is almost sure to prove fatal, the use of 11,000 volts on the overhead 
lines did not appear to present any disadvantage from the point of view of safety. 
Moreover, the latter pressure obviates the necessity of erecting step-down transformers 
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along the line, lessens the current which has to be collected by the bows on the 
locomotives and motor coaches, and results in a greater overall efl&ciency. 

Single-phase distribution facihtates sectionahsing the line. As will be seen from 
the diagram, Fig. 302, the original system simply involved the use of two auxiliary 
wires AP immediately adjacent to the contact wires and the necessary switching 
apparatus. Although these auxiliary wires are called feeders, and whilst they obviously 
serve to increase the capacity of the overhead system, feeding is not their principal 
function, for the copper in the overhead contact lines is sufficient to prevent excessive 
loss. The auxiliary wires or distributors act as by-passes in the event of it being 
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Fig. 302. — Original Distributing System on New York, New Haven, and Hartford Bail way. 

necessary to cut out any section of the contact wire. It is quite obvious that the 
provision of these additional wires enables the lines to be sectionaUsed to any deaired 
extent, and that any section can be made dead without interfering with the working 
of the other sections. 

Local conditions govern the lengths of the sections. In the case of the New York, 
New Haven, and Hartford Railway, no two of fourteen sections between Woodlawn 
and Stamford have the same length. The average length is 1-68 miles. No section 
is over 2-19 miles or less than 1-07 miles. It will be noted from Fig. 302 that of the 
fourteen sections between Woodlawn and Stamford, the ends of nine of them terminate 
at signal towers. In each of these towers or cabins there is a small switch panel, on 
which are mounted the pilot switches controlling the contact wire and by-pass circuit 
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breakers on the anchoring gantries. Apart from the economy of the system, this 
method of control enables the switching apparatus to be looked after by the signal 
operators, who, by reason of their experience with the operation of trains, have proved 
very suitable men to deal with the work. 

Mr. Murray considers that it is preferable to specify the number of the sections 
to be used on a given line rather than the length of the sections. The length can be 
made to vary in accordance with the local conditions. When long sections are used, 
it is, of course, necessary to splice the catenary cables, as they could hardly be supplied 
in single reels in lengths of greater than two mUes. But the splicing process does 
not present great difficulty, nor does it in any way interfere with the reliability 
of the overhead equipment. On the other hand, when short sections are adopted, 
a greater number of anchoring bridges are needed for the section switches. But 
these structures do not increase the difficulties of erection to any appreciable extent. 
Mr. Murray has come to the conclusion that the question of arranging the sections 
so that they terminate at the signal towers or cabins is by far the most important 
factor favouring the employment of a small number of sections. 

By using a large number of sections, their ends might be at points between these 
signalling towers, necessitating some form of sub-station or building for the electrical 
operators. Moreover, by using long sections, the number of switches is reduced. 
Experience gained on the New York, New Haven, and Hartford Railway goes to 
show that the most satisfactory anchoring insulator from a mechanical standpoint 
is the corrugated cylindrical type. There is no doubt, however, that their insulating 
properties are less than those of the petticoat or mushroom pattern. Mr. Murray 
believes that by suspending some form of protective shield or petticoat from the 
anchor insulator much better insulation would be obtained. The blast from the 
steam locomotives has been found to give rise to a rough coating, which penetrates 
into the insulators and diminishes the insulatmg properties. 

Long sections have the effect of reducing the cost of the switching equipment 
and of the bridges required for anchoring the lines. But a small number of sections 
increases the difficulty of locating earths, owing to the fact that there is a greater 
number of insulators between the circuit breakers. But on the New York, New Haven, 
and Hartford Railway this is not a serious matter, for it seems that a testing set has 
been devised which gives the position of a fault very accurately. Perhaps one of 
the greatest drawbacks attending the use of a small number of sections is that when 
a fault occurs a long portion of the line has to be made dead. The average distance 
between the cross-overs on the New Haven line is greater than the distance between 
the ends of the electrical sections, and consequently, in the event of a section being 
made dead, it is possible that a train might have to cross on to the other line at a 
distance from the fault greater than the length of the electrical section. Railway 
engineers, however, usually regard cross-overs as a necessary evil, and Mr. Murray 
does not consider that engineers would feel disposed to add cross-overs for the sake 
of reducing the length of the electrical sections. When the sections are long, the 
circuit breakers must have a larger current-carrying capacity than when short 
sections are used, but it is to be remembered that in any case the circuit breakers 
must be capable of dealing with the heavy currents which are set up by short 
circuits. 

The American manufacturing companies have done a tremendous amount of 
work in developing single-phase locomotives and motor coaches. It has been found 
that a low centre of gravity is a decided disadvantage, and as a result many schemes 
have been tried for transmitting the power from the motors to the driving wheels. 
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The problem has been to find a satisfactory method of connecting the motors with 
the wheels so as to obtain a high speed without damaging the track. This has 



Fig. 30;(. — Armature and Driving "Wheels. 

resulted in the evolution of several distinct types of electric locomotives, including 
those with the motor armature mounted rigidly on the driving axle, and those with 

the armature mounted on a quill 
surrounding the axle (see Fig, 303). 
There are also locomotives with the 
motors geared to a quill surround- 
ing the axles, this quill being con- 
nected to the wheels through long 
helical springs (see Figs, 304, 305), 
This design has been embodied in 
the latest tj^ie of engine put into 
service on the New York, New 
Haven, and Hartford Kailway. 

It has been found that the 
practice of mounting the motor 
directly on a quill surrounding the 
axles and connecting the quill to the 
axles by springs is liable to some of 
the objections of the first-mentioned 
type. This system gives a low 
centre of gravity, but the weight is 
supported on springs, so that the 
rails do not receive the direct blow. 
Fig. 304.— Weetinghoase Spring Driving System. The original New Haven locomotives 

nosed badly at high speeds, but by 
the addition of an idle axle at each end of the engine and a toothed cam centering 
device between the cab and the trucks this was entirely cured. The cam is 
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arranged so that when the truck moves sideways it must lift the cab, which tends 
to throw the truck in the central position. After this device had been apphed a 
teat speed of ninety miles per hour was obtained with practically no nosing. The 



Fig. 30S. — Owring and Motor. 

-device is shown in Fig. 306. It will be seen that the cam is pivoted on the pony 

truck frames, and that by means of semi-circular teeth it meshes with a side-bearing 

rack on the main frames. The eccentricity of the cam prevents the pony wheels having 

radial movement, and the weight on the cam tends to restore the wheels to their 

normal position when on straight track. This is further illustrated in Fig. 307. 

Every locomotive now built for the 

New York, New Haven, and Hartford 

Railway has its motors mounted on a 

quill with springs. The motors arc 

now placed above the axle, and drive 

gears mounted on the quill. This type 

of engine hasW high centre of gravity, 

«nd the quills are so spaced that thev „ , . ^ . 

. . . , , t „ ■ L . XL FiO- 306.~Centruig Device. 

have a total play of 3 m. about the 

axle {1 J in. above and below), which allows for irregularities in the rails. They are 

in service on the New Haven Railway and in the Hoosac tunnel on the Boston and 

Maine hne. This type of locomotive has been built with a single motor per axle and 

viith twin motors with the same total capacity per axle. After a number of locomotives 

had been constructed with very large motors, necessitating the use of double gears, 

it was found that the same output could be obtained with less weight and less cost 

hy substituting two motors for the one of larger size. Various advantages have 
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been secured by adopting this arrangement. Firstly, only one gear is required, as both 
motors drive through the same spur wheels ; secondly, the two motors are Hghter, 
more easily handled, and cheaper to maintain ; thirdly, the parts of the motors in 

this case are interchangeable with those 
of the motors which are used on 
the New Haven multiple-unit coaches ; 
fourthly, since the two motors are 
permanently connected in series, the 
combination is equivalent to a single 
motor of twice the ordinary voltage, 
and consequently only half the amount 
of current has to be dealt with as compared with that taken by a single motor of 
the same output as the pair. 

Locomotives with the motors mounted high up in the cab and connected to the 
driving wheels through cranks, parallel rods, and a jack shaft, are used by the 
Pennsylvania Railway for the New York terminus. These engines have a very high 
centre of gravity, and, although the weight on the driving axle is about 56,000 lb., 
necessitating stiff springs, the locomotives have driving quahties corresponding to the 




Fig. 307.— Truck. 



Fig. 308.— Shunting Locomotive. 

best steam engines. They have no tendency to swing sideways, Mid, consequently, 
they do not damage the track. These are the most powerful D. C. electric locomotives 
that have been built. 

Locomotives and motor coaches are used on the New York, New Haven, and 
Hartford Railway ; the latter are employed in conjunction with trailer coaches on the 
suburban sections. The alternating current is collected from the overhead trolley 
wire by a pantograph collector. The continuous current, on the other hand, which is 
used in the New York Central zone, is derived from a third rail, and is collected 
by ordinary shding contact shoes. Both collectors are brought into use by 



262 SINGLE-PHASE ELECTRIC RAILWAYS 

compressed air. Owing to the fact that the locomotives and motor coaches have to be 
operated with continuous and alternating current, a great deal of experimental work 
appears to have been necessary, and many changes in the mechanical and electrical 
equipment have been made. It seems, however, that the equipment has been very 
much simplified, and, notwithstanding the disadvant^es attending a dual system, 
very good results are now secured. 

At the time of writing no fewer than eighty-two electric locomotives have been 
purchased by the New York, New Haven, and Hartford Railway, all of which have been 
built jointly by the Baldwin Locomotive Works and the American Westinghouse 
Company. Fig. 308 showa one of the shunting locomotives. Fig. 309 a drawing of an 
engine of this description. It is of the quill spring-supported type, and the framework 
is of particularly substantial construction. There are sixteen of these locomotives, and 



Fig. 310. — Interior of Shunting Locomotive. 

they are of the eight-wheel articulated-truck type, with a central cab and sloping 
ends. The pulling and b'uibng stresses are taken by the truck frames, which are 
joined in the centre of the locomotive by a draw-bar. It will be noticed that the 
frames are outside the wheels, and the springs are placed directly over the 
journal boxes ; the springs of the two trucks are connected together by equalising 
levers. A pinion is mounted on each end of the armature shaft, and each meshes 
with a steel gear rigidly mounted on a quill which surrounds the axle with a clearance 
sufficient to allow for vertical wheel play. The quill is carried in journals formed 
in the motor frame, and the power from the motors is transmitted from the gears to 
the wheels through helical springs rigidly attached at their ends to the wheel centre 
and gear centre respectively. Thus the motors are spring supported, and the centre 
of gravity of the engine is at a fair height above the rails. 

To facihtate the removal of the electrical equipment, the roof of the locomotive 
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is designed so that it can be lifted, thus giving easy access to the transformer, com- 
pressor and other apparatus. In the case of the end motors, however, which, as 
can be seen from the drawing. Kg. 309, are under the sloping hoods, it is possible to 
handle these by a crane after the hoods have been removed. Owing to the fact 
that these shunting locomotives only operate on the New Haven system, the electrical 
equipment is very simple, since no provision had to be made for collecting the current 
from a third rail. Each locomotive weighs between 72 and 73 tons. The motors 
are arranged in pairs, and the connections are such that two of the motors are per- 
manently connected in series and two in parallel. 

Speed control is effected by means of tappings brought out from the secondary 
side of the transformer. Fig. 310 shows the interior of one of the shunting loco- 
motives which is equipped with four 110 h.p. motors. There are twelve contactors 
and, as in all the Westinghouse locomotives, the contactor switches are operated by 
compressed air. A small 20-volt storage battery is used for actuating the electro- 
magnetic valves. For charging the 
battery a small motor generator set is 
used. Under ordinary conditions this 
set provides all the power required for 
the control gear, the battery merely 
floating on the circuit ready for use in 
the case of accident to the motor 
generator set. 

A particularly interesting feature 
is the provision of a temperature indi- 
cator which shows the temperatures of 
the motors. This enables the driver to 
ascertain when an engine is in a fit con- 
dition for hauling extra heavy loads. 
Most of these shunting locomotives 
are fitted with a master controller at 
each end of the cab, but a new type 
has recently been put into service. 
It has only one controller, which is 
placed in the centre of the cab, and 
serves for controlling the engine when travelling in both directions. All the shunting 
locomotives are guaranteed to exert a maximum tractive effort of 36,000 lb. for 
three minutes at a speed of six miles per hour, and a continuous tractive effort of 
14,800 lb. at a speed of eleven and a half miles per hour. It has been found that an 
electric shunting locomotive can perform the work of two steam engines, because 
it can be worked day and night. The first shunting locomotive supplied has been 
in use twenty hours a day, and up to November 22nd, 1911, it had covered 
13,000 miles. During this period it required no attention beyond the ordinary 
inspection. This engine is fitted with four 110 h.p. motors. When the full pressure 
of 240 volts is applied to the terminals of the motors, the current input is 900 amperes, 
corresponding to 192 h.p. per motor. Under ordinary shunting conditions, however, 
the maximum voltage is never reached, but it is only brought into use when the 
engines are hauling trains on gradients. The average pressure applied to the terminals 
of the motors is 190 volts, which corresponds to 123 h.p. per machine. 

Turning now to other locomotives in use on the New York, New Haven and 
Hartford Railway, the curves given in Fig. 311 show the speed power characteristics 
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of a motor as used on the 071 type of goods locomotive, this curve having been 
reproduced from the paper by Mr. Murray already mentioned. This i3 a 25-cycle 
300-volt machine, the maximum working current being 1,000 amperes. The con- 
tinuous capacity is 300 volts, 930 amperes. The gear ratio is 34 : 79, and the 
diameter of the driving wheels 63 in. A record of a test on a locomotive of this type 
is given in the paper. The electric locomotive hauled a steam locomotive and thirty- 
seven coaches, the total weight of the train being 1,438 tons. The average speed over 
a distance of 1,675 miles was 36'5 miles per hour, the average kilowatt input being 
1,487 kw. The average power at the rims of the driving wheels was 1,650 h.p., and 
notwithstanding that the electric locomotive was hauling an engine without steam 
it accomphshed work with an average input of energy of 259 watt-hours per ton-mile. 
Fig. 312 shows the 072 type of locomotive, and the drawing, Fig. 313, 



Fio. 312. — lK)comotive, Type 072. 

the 071 type, which was put into operation in the early part of 1910. The 
mechanical portion in each case was designed jointly by the Baldwin Loco- 
motive Works and the New Haven Railway Company, and the electrical equipment 
was supplied by the American Weetinghouse Company. From the illustration of 
the chassis of the 071 type (see Fig. 314) it will be seen that the engine is of the 
articulated truck type. The total length of the cab is 44 ft. Each truck is of the 
radial swing bolster type, and has two pairs of drivers. The trucks are coupled 
together and are equipped with Westinghouse friction draught gear attached to 
couphngs at each end of the locomotive. The driving wheels are 63 in. in diameter, 
and the pony truck wheels 42 in. in diameter. The total weight of the loco- 
motive is 150 tons. Instead of being carried on the centre truck pins the weight 
of the cab is supported on friction plates at the ends of the trucks, and the weight is 
appUed to these through springs, which allow for variations in the track without 
materially changing the distribution of weight on the ends of the truck. But at 
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the same time the frictioa of these plates exercises a steadying effect on the loco- 
motive and effectually prevents periodic vibration. 

There are four motors, and each is rigidly mounted on the truck frame and 
directly above a quill surrounding the driving axle, to which it is geared. The quill 
drives the wheels through a system of helical springs. This arrangement allows a 
maximum movement of IJin. above or below the centre of the axle. Twin gears 



FlO. 313.— Details of Locomotive, Type 071. 

are used on each motor. The rigid wheel base of the locomotive is 7 ft. for each 
truck. Thus the engine can negotiate curves quite easily. The drawing. Fig. 313, 
will assist readers to understand how the motors transmit their power to the drivii^ 
wheels. As explained already, each motor is connected to its respective set of driving 
wheels through twin spur gears, a quill, and helical springs. 

The latter are shown in connection with the motor marked No. 1. The master 



Fig. 314. — Chaeeis of Locomotive. 

control apparatus, meters, air brake, valve, sanding foot lever, etc., are in duphcate 
at each end of the cab, and the contactor connections are arranged for multiple 
operation of the locomotive from a single master controller. To economise space 
the main air reservoirs are mounted on the roof of the cab at either side of the bow. 
This method of mounting the motors rigidly on the truck frames and above the axles 
gives a high centre of gravity. 

The locomotive is fitted with two 11,000-volt pantograph current collectors, 
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and either of these can be raised or lowered as desired. As explained above, 
the locomotives have to work with alternating and continuous cutrent, and to 
enable the engines to take up the latter current, four sets of sUding shoes are provided. 
M'hen the engines are working with alternating current, the shoes are lifted, and 
are brought up close to the underframe of the engine. At crossings, etc., in the con- 
tinuous current zone, an overhead conductor is used, bo that the locomotives are 
also provided with a continuous-current collector as shown in the drawing. The 
control of the motors is accomplished by electro-pneumatically operated contactor 
switches, and the system enables two or more locomotives to be operated together 
from one master controller. 

Besides the above-mentioned equipment the cab also contains a steam boiler and 
storage tanks for water for heating the passenger trains, but it is, of course, obvious 
that no heating arrangement is needed on the locomotives which are used for goods 



Fig, 315,— Locomotive, Type 069. 
trains only. When the locomotives are worked with continuous current the motors 
are connected in two pairs, and the two motors in each group are connected in series. 
The control is effected by the usual series parallel system. When the engines work 
with alternating current, on the other hand, all the motors are connected in parallel. 
In either case, a faulty motor can be cut out, whilst the other three remain in service. 
The change from alternating to direct current is accompUshed by means of a set of 
double-throw switches, which are mounted on a board near the centre of the cab. 

When the locomotives are using continuous current, the starting current is 
Umited by resistances in the usual maimer, and when using alternating current the 
pressure at the motor terminals is changed by bringing different tappings from the 
transformer into use. On turning the controller handle from the first to the full-on 
position thirteen different voltE^es are applied to the terminals of the motors, so that 
the speed of the latter increases smoothly and not in sudden jumps. The transformer 
is placed in the centre of the cab. 

The specification for this type of locomotive stated that the engine should 
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be able to haul a 1,500-ton goods train at a speed of thirty-five miles per hour 
on the level, and where the train resistance does not exceed 6 lb. per ton. 
It was also specified that the engine should be capable of hauling the heaviest 
New Haven passenger train, weighing 800 tons, at a speed of forty-five miles per 
hour. In other words, this type of locomotive is capable of hauling an 800-ton 
passenger train between the Grand Central Station, New York, and New Haven, a 
distance of seventy-three miles, in one hour and fifty minutes, provided that no stops 
are made in the course of the journey. When stops are made at the five principal 
stations the time occupied in covering the seventy-three miles would be two hours 
twelve minutes. The specified time for 350-ton trains in local passenger service 
and stopping at all stations is two hours forty-five minutes, the time allowed for 
each stop being forty-five seconds. During a test, a locomotive of this type started 
and accelerated a 2,100-ton goods train both on the level and on a gradient of 3 per 
cent, on a 3 degrees curve. An 800-ton passenger train waa accelerated at the rate of 
about '4 miles per hour per second, thus quickly reaching the required speed. Each 
motor has a one-hour rating of about 
375 h.p., and a continuous rating of 
approximately 310 h.p. 

A later locomotive, designated type 
069, is shown in Fig. 315, and a pair 
of motors as used for propelling it in 
Fig. 316. An end view of a locomotive 
of this type is shown in Fig. 317. The 
design of this engine, which is known as 
the Colonial type, differs considerably 
from that of the engine just described, 
and possesses a number of interesting 
features. The wheel base is really com- 
posed of three separate bases, namely, 
two four-wheel radial trucks and the 

remaining structure and its two pairs of p^^ 3jg ^Twin Motors 

rigid drivers associated with the loco- 
motive's main framing and cab. The total wheel base measures 39 ft., and the length 
of the maximum rigid wheel base is 1 1 ft. It will be gathered that the cab and 
superstructure are built directly on the main frame and are integral with it. In the 
case of this type of engine the builders appear to have made a determined effort to 
reduce the weight. The frames are of steel plates, 34 ft. 4 in. long, | in. thick, and 
36 in. wide throughout the greater part of their length. 

With the object of reducing the weight, the plates have been cut away wherever 
possible. This also gives accessibility to the journals and to the interior of the loco- 
motive. The side frames are placed outside the wheels, axles, and axle-boxes, so 
that the locomotive can be jacked up and the wheels removed with ease. There 
are no pedestal caps in the main frames, and the fight safety straps under the boxes 
can be removed without impairing the strength of the structure. The rigid drivers 
are guided in the frame by cast steel pedestals riveted and braced to the inside faces 
of the frame plates. Cross struts composed of steel plate secure the two frames 
together transversely, and also support the superstructure and motors. At each 
end the frames are tied by a cast steel bumper which serves four purposes. It ties 
the ends of the frame together, takes the draw bar pull, transmits the buffing strains 
to the main frames, and transmits part of the superstructure weight to the trucks. 
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The construction forms a boxlike straoture, which provides a good foundation for the 
motors and other apparatus as well aa a suitable frame. 

The four-wheel radial trucks are secured to the main structure by two links 
situated ahead of the driving wheele. The radial links also act as draw-bars between 
the trucks and the main frame. They are slotted at one end so that they are relieved 
of the compression strains when the locomotive is subjected to buffing shocks or 
when it is pushing a train. At the back of each truck two steel lugs are secured to 
the channel iron, and these serve to keep 
the rear end of the truck in alignment 
with the main structure. These lugs, 
which are interposed between chafing 
plates, are carried on one end of the main 
frame cross ties, and they also serve as 
supports for the ends of the truck frames. 
To ensure alignment of the trucks 
and cab, cam rollers are fitted, and are so 
arranged that on straight track the entire 
wheel base of the locomotive is virtually 
rigid. A comparatively small force is 
sufiicient to swing the trucks on cross- 
overs, etc. Locomotives of this type are 
said to run very steadily. The pony 
wheels and drivers in each truck are 
equahsed together and also with the 
adjacent pair of drivers in the main 
frames. This is said to provide a 
symmetrical equalising 6yst«m at each 
end of the locomotive. The length of the 
cab, which is built on supports directly 
secured to the main frames, is 40 ft., and 
there is a door at each end. 

These locomotives are fitted with 

eight motors, and they are coupled in 

pairs, as shown in Fig. 316. Each pair 

of motors is permanently connected in 

series, and when working with continuous 

Fig. 31T.-End View of Locomotive, Type 069. current the two motors of each unit are 

supplied with current at 600 volts. 

Therefore under these conditions there is a pressure of 300 volts across the fcerminala 

of each individual motor. It follows that when operating with continuous current the 

four pairs of motors can be controlled in the same way as the motors of a standard 

continuous-current locomotive, i.e., the four pairs can first be connected in the series 

parallel fashion and then all in parallel. 

Moreover, the system presents advantages when working with alternating 
current, since the voltage on the secondary side of the transformer is higher than 
would otherwise be practicable, with the result that the low-tension switches, etc., 
deal with a smaller current. When operating with alternating current the connec- 
tions to the motors are precisely the same as those of the shunting locomotives, except 
that there are four pairs of motors instead of two. Contactor control is employed, 
and any pair of motors can be cut out of action in the event of failure. 
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Even when one pair of motors is put out of service, three-fourths of the hauUng 
power can still be developed, whereas one-half of the equipment would be rendered 
idle in the usual two-motor or four-motor locomotive. The power for operating the 
various electro-magnetic valves, etc., in connection with the contactors is derived 
from a small 20-volt accumulator, which is charged by a motor generator, as described 
in connection with the shunting locomotives. Locomotives of the type now under 
consideration are designed to exert a continuous tractive effort of 12,000 lb. at a 
speed of thirty-five miles per hour, and a maximum tractive effort of 40,000 lb. 
The total weight of these engines is 116 tons. Each pair of motors, as shown in 
Fig. 316, is moimted above the axles, and, as already stated, there are eight motors in all. 

Each motor shaft is provided with a pinion, and, as shown, the two pinions of 
each pair of motors mesh with a single spur wheel which is mounted on a quill sur- 
rounding the axle. By adopting two motors for each axle it is possible to run the 
armatures at twice the speed of one large motor. The one-hour rating of each motor 
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Fig. 318. — Connections for Single- 
Phase Working. 



Fig, 319. — Connections for Continuous 
Current and Single-Phase Working. 



is 170 h.p, and the continuous rating 145 h.p. Each pair of motors weighs 11,900 lb. 
The eight motors are Ughter and cheaper than four motors of the same total output. 

Forced ventilation has been adopted both for the motors and the transformers, 
and the air is driven through these by means of two electrically driven blowers, which 
are mounted underneath the cab between the trucks. The weight of all the electrical 
equipment is approximately 120,0001b. As in the case of the other type of loco- 
motive previously described, there are two pantograph current collectors, and a small 
collector is also fitted which is brought into use where the continuous current 
is collected from an overhead wire. 

There are also shoes for collecting the continuous current from the third rail. 
These are lifted when the locomotives are working with alternating current. The 
overhead current collectors, sanding gear, etc., are aJl controlled by electro-magnetic 
valves, which are operated from push buttons. 

There is not the least doubt that notwithstanding the ingenuity that has been 
exercised in the simplification of the alternating and continuous-current equipment 
of the locomotives and motor coaches, the use of the two kinds of current has 
proved a great nuisance. In a table given in Mr. Murray's paper previously referred 
to, it is shown that the simple alternating-current equipment of locomotives is 
8,000 lb. lighter than the combined alternating and conlinuous-current equipment. 
Moreover, as indicated in the diagrams, Figs. 318 and 319, there are twice as many 
switches for the latter equipment as compared with the former where only alternating 
current is used. These facts point to the desirability of avoiding the use of a dual system. 
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The New York, Westchester, and Boston line, the electrification of which was 
authorised at the same time as the Harlem River branch of the New York, New 
Haven, and Hartford Railway and the Hoosac Tunnel line, is at the time of writing 
the latest example of single-phase work in America. The overhead equipment is of 
particular interest, and calls for special attention. It is similar to that used, on 
the Harlem branch of the New York, New Haven, and Hartford Railway. The work 
consisted of building a high- speed railway to deal with heavy traflSic through twenty- 
one miles of practically undeveloped territory. Current is collected from 11,000-volt 
overhead wires, and the pressure is reduced to 260 volts for use on the trains. 
Each coach is equipped with two 175 h.p. motors. Power for the line is derived 
from the Cos Cob generating station of the New York, New Haven, and Hartford 
Railway, and it is purchased from this company on a flat rate basis. Connection 
with the line is made at the end of the New Rochelle branch, where it approaches 
the line of the New Haven Railway, and, notwithstanding that this point is sixteen 
miles away from the power station, the transmission loss is only 3 per cent. The 
pressure on the overhead conductor, it will be noted, is the same as that used on the 
New York, New Haven, and Hartford Railway. At New RocheUe four branches are 
taken from the main Une feeders of the New York, New Haven, and Hartford Railway, 
and carried by the side of the rails on the catenary bridges to Columbus Avenue. 
Here two of the feeders are carried south along the section of the railway to the 
New York end, and the two remaining feeders along the branch to White Plains. 

Circuit breakers are connected between these feeders and the overhead wire at 
New Rochelle and Columbus Avenue, and also at intermediate points approximately 
in the centre of both of the four-track section and the White Plains branch, but they 
do not operate on ordinary overload, as experience gained on the New Haven Une 
has indicated that this is imdesirable. But a control wire has been put into use 
which is connected with the overload relays at the power house. Unless this control 
wire is energised by these relays, none of the circuit breakers can open. Another 
novel feature is that the overload relays at the power house automatically insert 
resistance in the circuit prior to operating so that the rush of current is Umited when 
a short circuit occurs. A short circuit does not cause any circuit breaker to open 
except the two immediately affected by the fault. In every case the line circuit 
breakers are placed on the anchor bridges. The feeders are also divided into 
sections by circuit breakers, the sections being cross-connected at the ends by a wire 
which extends across each anchor bridge. 

The four-track section of the Une extending from Harlem River to Columbus 
Avenue is equipped with a compound catenary system. The New RocheUe branch, 
on the other hand, is provided with the single catenary construction, in order that 
the relative merits of the two systems may be determined. 

In the former case a |-in. steel stranded cable is carried over the top member 
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of the catenary bridges, and is fastened to. them by cast iron clamps. These wires 
are, consequently, earthed. Between each pair of bridges there are two intermediate 
cross-bents composed of 3 in. I beams weighing 5J lb. per foot, and these are clamped 

to each of the main supporting cables. From these 
intermediate cross-bents the track catenary sup- 
porting cables are hung, these being f in. stranded 
steel cables. These are insulated from the inter- 
mediate cross-bents by 1 10,000- volt insulators. The 
drawing, Fig. 320, shows the catenary construction 
on a 6 degrees curve. Fig. 321 is a section across 
the parts AA, and Fig. 322 a section across 6B in 
Fig. 320. Fig. 323 shows the arrangement of a 
puU-ofif pole on a curve. Underneath the last- 
mentioned cables there is a No. 0000 grooved copper 
wire, which is supported by hangers spaced 10 ft. 
apart, and 2 J in. below this there is a No. 0000 steel 
grooved contact wire. These two latter wires are 
connected at 10 ft. intervals by clips spaced so as 

Fig. 32l.-Sectio7at AA, Fig. 320. *^ ^^°^^ midway between the hangers from the 

track supporting strands. The method of spacing 
the clips and hangers gives a high degree of flexibiUty to the contact wire. At 
curves, however, the hangers are attached directly to the clips. These hangers, 
shown in Figs. 324 and 326, are composed of J in. steel rod threaded at one end and 
screwed into a hook-shaped casting which hangs over the track catenary supporting 
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Fig. 222.— Section at BB, Fig. 320. 
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strand. The rod is screwed into the casting until it rests soUdly against the 
supporting wire and holds the hanger securely in place. 

On tangents the lower end of the \ in. hanger rod is screwed into a casting the 
lower part of which forms a clamp which fits into the groove of the track conductor 
cable. This clamp is composed of two pieces of malleable iron and held firmly in 
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Fig. 323.— Pull-off Pole on Curve. 



the grooVe of the cable by means of a'i-in. screw, which passes through both pieces 

of the clamp. On curves where the hangers are directly fastened to the cUps which 

hold the conductor and the contact wire together the lower part of the hanger is bent 

to the proper angle so the track conductor 

can take its proper position over the centre 

of the rails, and the end of the hanger 

passes horizontally through the clip. The 

horizontal end of the hanger is constructed 

with a shoulder, and the end is threaded 

to receive a J-in. nut. The threaded end 

is passed through a hole in the cUp, and 

the nut is tightened up until the cUp grips 

the two wires. At turn-outs where two con- 
tact wires have to be brought together a 

special cUp is used, which consists of three 

parts, one of which is placed between the 

two wires, the other two parts forming the 

outside of the clamp. All three parts are 

gripped firmly on the two wires by means 

of a J-in. screw passing through them. 

These clips are approximately 6 in. long ; 

there are two screws to each cUp. The 

spacing of 10 ft. between the hangers and 

between the cUps is maintained over the 

entire line. The bridges are spaced 300 ft. 

apart, but at curves and at some of the 

overhead highway crossings the distance between the bridges has been reduced. 

On curves up to 2 degrees the conductor and contact wires are made to take 

up the proper position with respect to the track by off-setting the points of support 

of the main supporting strands on top of the bridge. 
In the case of curves of over 2 degrees the catenary 
bridge spacing is reduced in accordance with the 
curvature to a minimum of 200 ft. On curves of over 
4 degrees deflection pull-oflF poles are erected between 
the bridges and the main supporting strand is subjected 
to a side strain by means of f-in. steel pull-oflF wires. 
On curves at points where the bridges are closer 
together than 100 yards the shorter span involves a 
decreased deflection of the main supporting cable in 
order to avoid unbalanced strain on the bridges. At 
these points bracket hangers composed of two pieces 
of angle iron set 45 degrees from the vertical are intro- 
duced between the main supporting strand and the 
intermediate cross bent to make up the space 
between them, as the contact wire is maintained 
at a constant elevation of 22 ft. above the rails, 
except at low bridges. The minimum height in 

these cases is approximately 17 ft. 

The method of insulating adjoining sections of the line without causing a break 

in the circuit is shown in Fig. 326. It will be noted that a continuous surface 
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Fia. 324. — Straight Hanger. 
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of live wire is exposed to the current collectors on the trains, but that the contact 
wires on each of the two adjoining sections at anchor bridges are isolated from 
each other by insulators and by a gap of 18 in. Fig. 327 gives details of a 
strain insulator, clips, etc., used at these anchor posts. It will be understood that 

the objection to introducing a dead gap in the contact 
wire is that damage is likely to result from the heavy 
arcs which are drawn off in breaking a high-voltage 
circuit. 

At stations and at overhead bridges the wires are 
supported on insulators hung from I beams, which are 
clamped to the bottom of the bridge member by a 
short piece of angle iron. 

As stated above, the New Rochelle branch has 
been equipped with single catenary overhead con- 
struction. The difference between the single catenary 
and the compound catenary system is that in the former case the main supporting 
cable and the intermediate cross-bents are eUminated. The catenary cable, which is 
composed of a f-in. steel stranded cable, is swung over the clear length between 
adjoining catenary bridges, and is hung from 11 0,000- volt insulators fastened to the 
under-side of the trusses. 

The copper conductor and the grooved steel wire are hung from the catenary 




Fio. 325. — Bent Hanger. 
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Fig. 326. — Method of Anchoring Wires. 



with hangers and clips in exactly the same manner as in the compound catenary 
construction. The hangers are much longer at the points of support, since the 
catenary span is 300 ft. instead of 160 ft., with the compound type of construction. 
The bridge spacing for the single catenary is 300 ft. on straight tracks and about 
200 ft. on the sharpest curves. PuU-ofif poles are used between the bridges on curves 
greater than 4 degrees. 

All the bridges which carry the overhead wires are of steel, and they are 
supported on concrete foundations. The majority of the vertical posts are built 
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up of four-cornered angles and diagonal lattice work on all four sides made of flat 
steel bars set at an angle of 45 degrees and riveted together at their intersections. 
There are |-in. gusset plates at the bottom of the posts, and these are riveted to the 
comer angles, and the two sides which stand parallel to the track have 6 in. by 6 in. 
by J in. angles riveted to them to form lugs for the anchor bolts. On the four-track 
section of the railway the posts measure parallel with the track 2 ft. lengthways 
both at the top and at the bottom, but the dimensions at right angles to the rails 
are 1 ft. OJ in. at the bottom and 2 ft. 

2 in. at the top. The reason for this is cro»hrci,pt _^njh, c hs, hr^B uckirfUoof 

that the pomt of greatest moment occurs "^ ^^^^^^^^^^^^^\ ^^L^T\. ^''"^ 

at the top of the post, where it is joined '^'** £--"•» 5^^,^ s^ 

to the bridge members which cross the Fig. 327.— Details of Insulator CUp, etc. 

track. The same design applies also to 

double track. Steel gusset plates are riveted to the two sides of the posts, and the 
cross-bridges are attached to these. For the four- track construction these bridges 
are composed of two trusses 3 ft. 6 in. deep. These trusses are tied together with a 
single lattice work of 2\ in. by \ in. by -^ in. angle iron at the top and bottom. 
Diagonal cross-frame supports between the two trusses are used eveHf- 13 ft. to 
prevent any tendency to buckle. Special precautions have been taken to ensure 
continuity of the service. When about to work on any line the wire is first isolated 
by the circuit breakers at each end of the section and then earthed by connecting 
it to the rails. 
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THE SPOKANE AKD INLAND EMPIRE RAILWAY 

The Spokane and Inland Empire Railway, a section of the Inland Empire 
system in Eastern Washington and Idaho, is a 6,600-volt single-phase 26-cycle line, 
and has been in operation since October, 1906. The other sections are the Coeur 
d'Alene and Spokane Railway, a fifty-eight mile 600-volt continuous-current inter- 
urban line, and the Spokane Traction Company's system, operating fifty-two miles of 
city street lines. The map of the railway has the shape of an inverted Y. The line 
runs south from Spokane with a junction at Spring Valley, forty miles distant. 
The eastern branch runs to Moscow, Idaho, and the western branch to Colfax, 
Washington. The right of way is the property of the company, with the exception 
of the streets of Spokane. Starting from the station in Spokane the first two and & 
half miles of the line are operated with 600-volt continuous current, whilst the 
remainder of the railway is electrified on the single-phase system. Two sets of rails 
have been laid on the first-mentioned section, whilst the remainder of the railway is 
constructed with a single track. On the single-phase section a single catenary 
overhead system has been adopted, and the wires are supported by bracket arms. 
The contact wire is of copper. After four years' service a piece of this wire which 
had been in use at a point approximately twelve miles from Spokane showed a wear 
of -004 in. 

The business of the company has grown rapidly, necessitating frequent additions 
to the roUing stock. At the end of 1911 there were five 72-ton goods locomotives, six 
52-ton goods locomotives, four combination mail baggage and express motor coaches, 
seven baggage and smoking pilot motor coaches, four intermediate passenger coaches, 
one standard private coach, six trailers with observation compartments, one motor 
coach specially equipped for Une maintenance work, two hundred and four box 
coaches, one hundred and fifty-eight flat coaches, eighteen ballast coaches, ten stock 
coaches, six refrigerator coaches, two steam shovels, one steam ditcher, and two steam 
shunting locomotives. Power is obtained from a hydro station situated on the Spokane 
River nine miles from Spokane. This station is owned by the Inland Empire Company 
and suppUes current to the Spokane and Inland single-phase faie, also to two 
1,500-K.V.A. synchronous motor generator sets, which in turn supply part of the 
continuous current to the Spokane Traction Company and the Coeur d'Alene line, and 
approximately 1,000-K.V.A. used in various industrial works. Both these continuous 
current Unes are operated for the most part with power purchased from the Washing- 
ton Power Company under a contract which has several years to run, but upon its 
expiration the hydro plant will doubtless provide power for aU the lines. The 
alternators in this station are of the three-phase type, and generate current at a 
pressure of 2,200 volts. This pressure, however, is raised to 60,000 volts, and current 
at this voltage is transmitted to Spokane over two transmission Unes. During the 
initial operation of the Spokane and Inland Railway 60-cycle current was purchased, 
and this necessitated the provision of a frequency-changing station at Spokane. As 
the single-phase railway load is small in comparison with the capacity of the 
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generators at the hydro station, and as the distributing pressure in this territory is 
60,000 volts and the periodicity 60 cycles, it wm deemed advisable in developing the 
station to transmit the current at this pressure and periodicity. There are four units 
in this frequency-changir^ station. 

Es^h consists of a 1,000 h.p. three-phase 4,000-volt 60-cycl© induction motor, 
a 1,000-kw. single-phase 25-cycle 2,200-volt generator, and one 760-kw. 550-volt 
continuous-current generator, all mounted on a common bedplate. There are also 
two boosters which are used in conjunction with a 2,000-ampere-hour stora^ battery. 
The latter serves to equalise the load on the generating station. From this station 
current is supplied directly to the overhead conductor of the railway and to a 46,000- 
volt single-phase transmission line, which feeds various transformer sub-stations. 



FlO. 328. — Goods Locomotive, Spokane and Inland Bailwaj. 

There are ten of these transformer sub-stations, nine of which are situated by the 
side of the railway and approximately twelve miles apart. The lines are eectionalised 
with circuit bretikers fixed near each sub-station, so that each section is fed from 
two stations, except the southern end of the eastern division. This section is fed only 
by the trolley wire stretching from Palouse, Washington, to Moscow, Idaho. Under 
normal conditions the trolley wire is continuous from end to end. The sub-stations 
contain two or three 375-kilovolt-ampere single-phase 25-cycIe 4S,000 to 6,600-volt 
oil insulated self-cooled transformers. The ticket collectors act as sub-station 
attendants and use the transformer room as sleeping quarters. Each circuit is 
equipped with an electric alarm, which gives warning when a circuit breaker is 
opened. 

There are two goods trains daily ; one runs to Moscow and the other to Colfax, 
A 72-ton locomotive is shown in Fig. 328. It is equipped with four 175 h.p, motors 
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of the forced ventilated type. Locomotives of this type can haul a 315-ton train 
at approximately twelve miles per hour on a 2 per cent, gradient. The maximum 
speed is twenty-seven miles per hour. Two locomotives are frequently used together. 
Fig. 329 shows a single-phase locomotive on the test track at Wilmerding, Pa. 
(it is equipped with four motors), and Fig, 330 a 49-ton locomotive, which, like the 
other engines, la built for alternating and continuous current operation. All these 
locomotives were built jointly by the American Weatinghouse Company and the 
Bfddwin Locomotive Works. Two of the 52-ton locomotives as used on this line will 
haul a 450-ton locomotive at approximately seventeen miles per hour on a 2 per cent, 
gradient. The maximum speed ia thirty miles per hour. 

All motor coaches of the passenger trains are equipped with four 100 h.p. 
geared motors. In this instance the motors are of the ordinary air-cooled type. 



Fio. 329. — 72-ton Locomotive, Inland Empire Bailwaj, 

and no forced ventilation is employed. For collecting the alternating current 
pantograph collectors are fitted, whilst ordinary pole trolley arms serve to collect 
the continuous current. The latter, however, have been sufficiently well insulated to 
collect the alternating current if desired. Eight trains run between Spokane and 
Freeman, a distance of nineteen miles. Two trains run between Spokane and BosaUa, 
a distance of forty-six miles. These are composed of two motor coaches. Six trains 
run between Spokane and Moscow, the length of this run being 904 miles. Of these 
six, two are made up of a combination mail and express motor coacli, a pilot motor 
coach, and one trailer. The other four of the six Moscow trains are made up of a 
pilot motor coach and a trailer. The remaining six trains run between Spokane and 
Colfax, a distance of seventy-seven miles. Two of these trains are made up of a 
combination mail and express motor coach, a pilot motor coach, and one trailer. 
The other four are made up of a pilot motor coach and a trailer. 
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The winter ot 1909-1910 was one of the most severe experienced in the vicinity 
of the Spokane and Inland Railway, and this was the only local line that maintained 



Fig. 330.^9-Ton A. C. and D. C. Locomotive. 

its regular service. Before the first train started its journey in the morning, there 
were frequently twelve inches of snow on the rails. But by simply using a enow 
plough the snow was cleared, and the loi^iest delay over a period of three months 
was only twenty minutes. 



THE ROCK ISLAND AND SOUTHERN RAILWAY. 

The fifty-two miles of electrified line on the Rock Island and Southern Railway 
between Rock Island and Monmouth, lUinois, constitute another fairly recent example 
of single-phase work in America. There is a single line all the way, and for a distance 
of twenty miles from Rock Island it follows the right of way of a branch of 
the Chicago, Rock Island and Pacific Railway. The remainder of the line passes 
over private right of way. Throughout its entire length the line is exceptionally 
free from severe gradients and sharp curves. At Monmouth, the southern terminus, 
where the coach sheds are situated, direct communication is made with Galesbury over 
another line operated by the same company. This is a 500-volt continuous-current 
line, eighteen miles long. Rock Island, the northern terminus, is connected to Moline 
and Davenport by city and local service, whilst Aledo and other intermediate points 
are reached by branches of the Chicago, Burlington and Quincy and the Chicago, 
Rock Island and Pacific Railway. 

The power-house is situated close to a coal mine at about the middle of the line. 
Two 1,000 kilovolt-ampere turbo-generators provide current at 2,300 volts, and at 
a periodicity of 25 cycles per second. The pressure, however, is increased to 11,000 
volts, and is fed directly to the trolley wire at the power-house. The overhead 
construction is of the single catenary type. The drop in voltage at the end of the line 
under the worst conditions is so small that no other feeders have been put into use. 
In the first instance the rolling stock consisted of six passenger coaches, one express 
and local goods coach, and one slow-speed goods locomotive for heavy goods traffic. 
The passenger coaches each weigh 52'5 tons without load, and they are 62 ft. long. 
One of the motor coaches is shown in Fig. 331. 

Each coach is equipped with four 100 h.p. single-phase motors, an oil-msulated 
self -cooled auto-transformer, and two pneumatically operated current collectors. 
Also the usual control gear with contactors operated on the Westinghouse principle 
which has already been described. It will be remembered that this company uses 
electro-pneumatically operated contactors, the control current for which is derived 
from a storage battery and small motor generators. The motor gear is mounted 
directly on the axle of the truck wheels, which are 37 in. in diameter, and the 
motor frame is spring suspended from the truck bolster. Eight tappings are 
brought out from the transformer for controlling the speed of the motors. The 
air compressor and motor generator set are operated from separate low voltage tap- 
pings. The main circuit connections and the order in which the switches are closed 
for acceleration are shown in Fig. 332. The motors are connected in pairs, and two 
in each group are permanently connected in series. Thus, the voltage taken from 
the auto-transformer is double that required for a single motor, and the amount of 
current to be handled by the switching apparatus is thereby decreased. 

Four tappings from the auto-transformer feed two preventive coils, as shown in 
Fig. 332, and the voltages are equalised at the middle point of each coil to an average 
between their values at the transformer. The voltages derived from the respective 



THE ROCK ISLAND AND SOUTHERN RAILWAY 281 

preventive coils are equalised in a third preventive coil, and the resultant voltage 
derived from the tappings is then applied to the motors through the main switches. 
The scheme will readily be understood from an inspection of the diagram, Fig. 332. 
When the controller handle is turned to the first notch, only two of the transformer 
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switches are closed, giving a low starting voltage. The impressed pressure in the 
two motors in series varies from 210 volts with the controller handle in the second 
position to 460 volts with it in the sixth position. To prevent the motor 
armatures attaining abnormal speeds when a train is running down-hill a relay 
is fitted which cuts off the current at a predetermined speed. The relay consists 



Fio. 332, — Motor Coach Connections. 

of two coils, the cores of which are atlached to a rocker which carries a contact disc. 
One coil is energised through a series transformer by the current in the motor lead, 
and the other by the voltage across one motor armature. 

Normally the relay disc is held away from its contacts by the unbalanced weight 
of two relay cores, but when the motor accelerates to a speed at which the voltage 
across the armature overbalances the decreasing current passing through the motor, 
the relay disc lifts, thus completing a circuit which serves to close the control circuit 
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of an auxiliary relay, which in turn operates on the control circuit of the main motor 
switches. The auxiliary relay is operated from the battery circuit, and it remains 
open till the master controller is returned to the oflE position. 

A switch and contact plate are provided for the purpose of shifting the coaches 
in and out of the sheds without drawing current from the high voltage overhead 
wiring. 

By placing the double pole switch in the opposite position to that shown in 
the top right-hand corner of Fig. 332 and by applying a low voltage to the contact 
plate two of the motors are brought into use for moving the coaches at slow speeds. 
The current collectors are raised and lowered by push buttons embodied in the main 
controllers, and the button which lowers the collector also opens the circuit breaker, 
so that no arc c^n be formed between the collector and overhead wire. Express and 
local goods service is handled by coaches geared for the same speed as the 
passenger coaches. 



i 



THE HOOSAC TUNNEL RAILWAY. 



When we consider the advantages of electrical working in tunnels it is not at 
all surprising that trains running through the longest tunnel in the United States 
are worked with electricity. This is the Hoosac Tunnel, which is 25,081 ft. long and 
pierces the mountain range between the Hooeic and Deerfield rivers. Fig. 333 is 
a map showing its situation, and Fig. 334 
a plan and profile of the tunnel. In 
1851 the work of constructing this tunnel 
was commenced and the first steam 
train passed through it on February 9th, 
1875. The tunnel is straight and two 
tracks are laid from end to end. Where 
the rock is soft it is lined with brick, but 
for the greater part the walls are bare 
rock. To drain off the large quantity 
of water which accumulates the tunnel has been constructed so that there are 
gradients of 26'4 ft. to the mile from each entrance to a short level stretch in the 
centre, at which point a shaft extends to the top of the mountains for ventilation. 
Altogether the scheme includes the electrification of the yards at North Adams, about 




Fio. 333. — Map showing Position of Hoosac Tunnel. 




Fig. 334.— Plan and Profile o! Hoosac Tunnel, 



two miles of main line between North Adams and the west portal of the tunnel, where 
the gradient is about '75 per cent., then 4*75 miles through tunnel, and the yards 
at the east portal, including three-quarters of a mile of main Une having a gradient 
of about 5 to '7 per cent. In all 21"31 miles of single track are electrified. 

Since the traffic in the tunnel is exceedingly heavy, it will readily be appreciated 
that the steam locomotives made traveUing very unpleasant, but when electrical 
working was started the conditions were greatly improved. In fact, in hot weather 
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travelling in the tunnel becomes a pleasure, and passenger trains pass through with 
the windows open. Moreover, when the tunnel was electrified automatic block 
signalling was brought into use, and the capacity was increased threefold, since three 
trains on the same track can be in the tunnel at once. The system of operation is 

to couple an electric locomotive to 
the front of the steam engine and to 
pull the complete train through the 
tunnel. During the journey the fires 
of the steam locomotive are kept still, 
so as to avoid filling the tunnel with 
smoke and gases. That the system 
is successful so far as the elimination 
of smoke in the tunnel is concerned 
is evident from the fact that it is 
usually possible to see right through 
the ventilating shaft — a distance of 
^j 2-37 miles. 
^1 In many respects the overhead 

i. J equipment corresponds to that used 

j^j on the New York, New Haven, and 

Hartford Railway between Woodlawn, 
New York, and Stamford, Conn. From the crown of the tunnel brackets are suspended 
as shown in Fig. 335. Four insulators, each capable of r^isting a pressure of 
150,000 volts, are fixed on these brackets, and two serve for each track. The 
arrangement is such that two insulators are in series, thus giving a combined 
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Fio. 336.— Contact Line InBulatols. 



dia-electric strength which will enable them to resist 300,000 volts. Since the volti^e 
on the overhead conductor is 11,000 volts, the insulation employed might appear 
excessive, but having regard to the faet that the cost per insulator was only about 
4s. 2d. more than the price of one of one-eighth the resistance, and bearing in mind 
also that a long tunnel is not at all a desirable place for a train to be brought to a 
standstill, the use of these more expensive insulators was no doubt justifiable. 

There are 1,000 insulators in the tunnel, so that approximately £200 has been 
spent to secure eight times the usual protection. At the approaches to the tunnels 
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insulators of the types shown in Fig. 336 are used. In this case an extra expenditure 
of 2a. Id. per insulator secured practically three times the protection as compared 
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Fig. 337. — Overhead Constructioii in Yards. 

with that given by an ordinary 40,000-volt insulator. In Figs. 337 to 341 some 
further details of the overhead construction are given, these illustrations having 
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Fig. 338. — Construction on Open Track. 



Swain Sc. 



been reproduced from Mr. W. S. Murray's paper on " Trunk line Electrification," 
referred to elsewhere. Fig. 337 shows the overhead yard construction for the 
Hoosac Tunnel scheme, and Fig. 338 some other examples of construction as used 
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on the open track. Fig. 339 shows the method of connecting the feeders with the 
contact lines, and Fig. 340 the details of one of the feeder insulators ; Fig. 341 
illustrates the details of a double catenary hanger as used in the tunnel. It will be 
perceived that outside the tunnel two diflFerent systems of supporting the line have 
been adopted. For two and three track sections on the main line the supporting 
bridges are built-up trusses of the type shown in Fig. 338. They are formed of 7 in. 
or 8 in. channel top and bottom chords with light angle posts and double diagonal 
rod braces in each panel. 

These bridges are supported at each end by A-shaped frame towers formed of 
two 8 in. channels braced with light angles, the plane of these towers being parallel 
to the centre line of the tracks. In the yards where more than three tracks are 
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Fig. 339. — Method of Connecting Feeders to Contact Wires. 

equipped with overhead wires cross catenary span wires are suspended from the 
apex of A-shaped frame steel towers built of 8 in. channels with their sides in a plane 
at right angles to the track. This construction is shown in Fig. 337. The catenary 
cable insulators are suspended from these steel cross catenary cables by stranded 
steel wires. Each tower is earthed by a cable clamped to the apex. The anchor 
bridges are box trusses supported on heavy A frame towers with latticed sides stiflFened 
with double diagonal braces. The wiring of the railway is cut up into twelve sections. 
An interesting feature of the overhead wiring is the crossing of the double 11,000- 
volt trolley wire over the 600- volt wires of the Berkshire Street Railway to the west 
of North Adams Station. The 600-volt wires are sectionaUsed with wooden insulators 
8 ft. long on each side of the crossing and are carried over the crossing under an 
inverted 5 in. channel which is supported by stranded cable span wires. This 
channel iron is on the same plane as the 11, 000- volt alternating current wires, 
but is insulated from them by section insulators. Under normal conditions the 
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continuous-current wirea in this crossing section do not carry current. But on the 
north side of the crossing a feeder is connected to the 600-volt trolley wire and 
carried to a switch on top of a wooden pole. 

When this is closed by pushing a rod in an upward direction, 600-volt continuous 
current is fed on to the crossing channel and trolley wire so as to permit a street coach 
to pass over the crossing. When the rod is released the switch opens by gravity, 
and by making another contact earths the channel iron and the continuous-einrent 
trolley wire. The section insulators in the 600-volt trolley wire are earthed at the 
centre of their length, so that in the case of breakdown of any of the 11,000-volt 
section insulators the 11,000-volt current cannot leak past them. 

The catenary cable inside the tunnel is composed of | in. stranded steel cable, 
which supports a No. 0000 grooved conductor by rigid hangers of varying lengths 
at intervals of 10 ft. The contact wire, 
which is a No. 0000 grooved wire, is 
carried 175 in. below the copper con- 
ductor by double cUps attached in the 
centre of the 10-ft. spans between the 
hangers. On curves the conductor and 
contact wirea are both suspended from 
the catenary cable by inchned hangers 
having double clamps. 

Owing to the small clearance and 
the great amount of moisture present, 
the problem of properly insulating the 
11,000-volt overhead wires proved 
difficult. The supports, which are 100ft. 
apart, consist of U-shaped brackets, as 
shown in Fig. 341, which are parallel to 
the track and are held in place by 
1'25 in. wrought-iron bolts extending 
18 in. into the rock or brick arch. These 
bolts are split at the upper end and 
hammered in together with a wedge, 
but prior to setting the bolts, the holes 

were fiUed with cement, and this rather p^^ 340.-Peeder Insulator. 

than the wedges is rehed upon to hold 

the bolts in place. The U-pieces support a bracket of the type shown in Fig. 335 
by means of two 150,000-volt triple-petticoat porcelain insulators, and these 
brackets, which extend across the track, support the catenary cable by other 150,000- 
volt insulators. Owing to the limited clearance in the tunnel the two contact wires 
are fixed only 15 ft. 6 in. above the rails. For the same reason the catenary cables 
are supported 14 in. inside the centre line of the track. This gives a minimum clear- 
ance of 12 in. between the catenary cable and the roof of the tunnel. All parts of 
the tunnel hangers are made of bronze. 

It is easy to imagine that the difficulties encountered in erecting the overhead 
equipment in the tunnels without seriously interfering with the traffic must have 
been considerable. But perhaps this will be better understood when it is stated that 
when the steam trains were at work it cost no less than 10s. to replace a sleeper owing 
to the fact that the men could only work in the tunnel for a couple of hours a day, 
and it was a common occurrence to have men brought out unconscious owing to the 
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bad air. To reduce the amount of smoke during the work of construction the railway 
company purchased four large Mallet compound oil-burning engines. The work was 
done from two specially constructed trains, each consisting of an oil-burning 
locomotive, two locomotive tenders, a box car containing blacksmiths' foi^es and 
anvils, an air compressor car, thirteen platform cars on which were built working 
platforms raised 11 ft. above the rails, a coa«h fitted up as a dining car, and a goods 
caboose. 

The train was fitted with pipes for the supply of compressed air, and hghted 
throughout with electricity. On the floor of every third platform a wooden compart- 
ment was built, into which the men retreated during the passage of a train through 
the tunnel. An air valve was provided 
inside these compartments, which, when 
partially opened, created sufficient pres- 
sure to keep out the smoke and gases 
and to provide fresh air for the men to 
breathe. The constructional work in the 
tunnel included the drillii^ of 1,000 holes 
2'5 in. in diameter and 18 in. deep in 
the roof of the tunnel for the catenary 
hangers ; 1,500 holes 175 in. in diameter 
I and 6 in. deep in the side walls for 

telephone and signal cable hangers ; the 
drilhng and blasting of the rock roof of 
the tunnel to obtain the necessary clear- 
ance in various places ; and the erection 
of the overhead wires. To improve the 
working conditions, a large fan was 
erected at the top of the central venti- 
lating shaft. 

The power-house is at Zylonite, about 
25 miles south of the west portal of the 
tunnel. It is situated near the old power- 
house of the Berkshire Street Railway. 
The engine-room contains two main 
generating imits, each consisting of a 
11,000-volt three-phase 3,750-kilovolt- 
ampere (sin^e-phase rating) generator, 
It will be understood that one phase of each 
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coupled to a double-flow turbine, 
generator is used for the railway. 

The current is transmitted at 11,000 volts from the power-house to a switch- 
house at the west portal of the tunnel, over a double transmission hne 242 miles 
long. Along the straight part of the line the towers which carry the wires are formed 
of two 8-in. channels connected together by angle-iron braces and diagonals, and 
tied together by a cross-piece at the top. These towers carry two angle-iron cross 
arms, and are supported on two foundation piers set at right angles to the direction 
of the hne. They are spaced about 300 ft. apart on the level. 

The transmission hne consists of five stranded copper cables, two of which 
carry cmrrent for working the trains, and are suspended from the cross-arms 
at one side of tower, while power and control wires are suspended in a 
similar manner from the other side. The contact wire bus-bar in the power-house 
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furnishes power for the electric locomotive load and a control bar supplies power 
to operate the circuit breakers, which control the various sections of the track, at 
the west portal of the tunnel and at the repair shop. The cross-tie at the top of 
the tower carries an insulator to support the earth wire, which also serves as a guard 
wire for protecting the transmission hne against Ughtning. The Une terminates 
at the switch-house at the west portal of the tunnel, this switch-house controlling 
the whole system, for the switch-houses at the east portal and at the repair shop 
are not connected to the transmission line, but are fed through the trolley wires of 
one or both main tracks. Therefore, so long as current is on either one of the main 
trolley wires the remainder of the system can be operated. The same towers which 
carry the transmission Une also carry two telephone wires supported on one of the 
cross braces between the channels, about 10 ft. below the high-tension wires. Noise 
caused by induction on the telephone Une is prevented by frequent transposition 
of the wires. This effect is also reduced by transformers having a ratio of 1 to 1. 
Static charges are dealt with by impedance coils, the centre point of which is earthed. 

Coming now to the electric locomotives, these were built jointly by the Baldwin 
and American Westinghouse companies. Three of the engines are primarily intended 
for goods service, and are capable of developing a maximum tractive effort of 
67,000 lb., and are designed for a maximum speed of thirty miles per hour. The 
others are intended for passenger and Ught goods traflSc, and exert a maximum 
tractive effort of 40,000 lb. The maximum speed is fifty miles per hour. All the 
locomotives are identical with the exception of the gear ratio. By changing the 
gears it would be possible to change a passenger locomotive to a goods engine and 
vice versa. Each engine weighs 130 tons, 96 tons of which are on the drivers. They 
are 48 ft. long between the couplers, and the total wheel base is 38 ft. 6 in. 

The locomotives have two articulated trucks, each truck having two pairs of 
63 in. drivers, a 7 ft. rigid wheel base, and a pair of radial pony wheels 42 in. 
in diameter. The trucks are of very heavy and substantial construction. They 
are connected by a heavy draw-bar. The cab is supported by four loaded friction 
plates on each truck. One truck centre-pin has longitudinal play relative to the 
cab, thus relieving the latter of pulUng and bumping stresses. The power is derived 
from four 375 h.p. single-phase motors directly mounted over the driving axles, and 
bolted to the frame. The power is transmitted from the motor by two flexible gears, 
which divide the load equally and prevent shocks on the gear teeth. These gears 
drive a quill surrounding the axles with 1*5 in. clearance, and run in bearings in the 
motor frame. The quill in turn is connected to the wheels by a system of long heUcal 
springs, which allow the wheel to follow any inequalities in the track without aflfecting 
the motor. 

The electrical equipment consists of the following parts : Four 375 h.p. single- 
phase motors already referred to, one air blast auto-transformer, two 11,000-volt 
pneumatically-operated current collectors, one 11,000-volt oil circuit breaker, three 
preventive coils, four groups of pneumatically-operated contactor switches, two 10 h.p. 
motors for driving the compressors, one pilot governor operating a compressor switch, 
two 7*5 h.p. blower motors, two 20-volt storage batteries for operating the electro- 
magnet valves, one motor generator set for charging the batteries, one speed Umit 
relay, two master controllers, two temperature indicators for showing the temperature 
of the main motors, and the necessary control circuits for multiple unit operation. 

Twelve tappings are brought out from the auto-transformer for controlling the 
motors. The overload tripping mechanism of the oil circuit-breaker operates in 
conjunction with a dashpot, which latter prevents the circuit-breaker opening as a 

E.R. u 
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result of momentary surges in the high-t«nsion line. This circuit-breaker is closed by 
an air cylinder and opened by a spring. Each of the contactor switches is fitted 
irith a magnetic blow-out. The main circuit connections and the order in which the 
switches are closed for startii^ the locomotives are shown in Fig. 342. All the main 




Fio. 342. — Locomotive Motor Connections. 



motors are connected in parallel, and any machine may be cut out by operating 
a switch. An overspeed relay is provided, which automatically shuts off the current 
from the motors at a predetermined maximum speed. This prevents the locomotives 
attuning a speed which will damage the motor armatures, but it does not prevent 
their attaining a high speed on down gradients. 



THE ST. CLAIR TUNNEL RAILWAY. 

Another interesting example of the use of single-phase current for working trains 
underground is to be found in the St, Clair Tunnel, under the St. Clair River, between 
Port Huron, Mich., and Samia, Ont., on the Grand Trunk Railway. As in the case 
of the Hoosac Tunnel, a desire to increase the traffic was the primary object in 
electrifying the Une. When hauUng a 700-ton train difficulty was often experienced 
in getting steam locomotives to reach the summits of the gradients at the ends of 
the tunnel. But the single-phase locomotives are capable of hauling a 1,000-ton train 
up the 2 per cent, gradients at ten miles per hour. Moreover, they have afforded 
a means of overcoming the difficulties previously experienced in connection with the 
ventilation of the tunnel. Electrification was the logical solution of the problem. 
Fig. 343 is a map showing the course of the St. Clair Tunnel. A profile of the tunnel 
is shown in the lower part of this illustration. The St. Clair River is deep at Port 
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Fio. 343.— The St. Clair Tunnel. 



Huron, and the level portion of the tunnel is 100 ft. below the level of the yards ; 
hence the necessity for a portion of line being laid on a 2 per cent, gradient. The 
level portion of the tunnel connecting the two gradients is a third of a mile long. 

The double lines on the gradients merge into single tracks just outside the 
tunnel at both ends. The shell of the tunnel is 20 ft. in diameter, and is made up 
of cast iron rings composed of thirteen segments 18 in. wide. There are some four 
thousand of these rings in the tunnel shell. Steam service was commenced in 1890, 
prior to which time the connecting link between the American and Canadian Grand 
Trunk systems was a ferry car. Heavy steam engines specially built for the tunnel 
service used to haul the trains through the tunnel, and they were fired with hard 
coal. This eUminated smoke, but not the gases of combustion nor the exhaust 
steam. The time required to traverse the tunnel was about four minutes. Although 
the trip was anything but enjoyable, it was not necessarily dangerous. 

The power station is situated on the Port Huron bank of the St. Clair River at 
a point almost directly over the tunnel. It contains two 1,250-kw., three-phase 
25-cycle, 3,300-volt turbo-generators. Either of these is capable of handling the 
maximum demand on the station. Just outside the power station is a vertical shaft 
which leads to the tunnel. A reinforced duct has been built in this shaft, and 
all the feeders pass from this duct through holes into the tunnel. The overhead 
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wiring 18 divided into sections, but normally the wires are continuous from the Pn.i 
Huron yards through the tunnel to the Samia yards, a distance of 3'7 mile*. Ic 
the yards a single catenary system is used. The supporting bridges are 250 ft. apir 
In the open the contact wire is 22 ft. above the track. A modified catenarj' s)>tci:; 
is employed in the tunnel. There are two parallel catenary wires and two paralltl 
contact wires. The former are supported on parallel insulators spaced at inteniL- 
of 12 ft. The supporting cables carry the double droppers, which are also span-: 



Fio, 3 14.— JjOCDinotive, St. Clair Tutmel Railway. 

at a distance of 12 ft., but situated 3 ft. from the middle of the catenary spaji. Tin^ 
clearance between the supporting cables and the shell of the tunnel is 3 in. 

The contact wires are 6 in. below the supporting cable, giving a minimum cit*' 
ance of 15ft. Sin. between the overhead conductors and the rail. Owing low 
fact that the tunnel is damp, some doubt existed in the niinds of the engineers if^" 
the advisability of adopting a pressure of 3,300 volts on the contact wire. »"'• 
especially as this is only a few inches distant from the shell of the tunnel. ExperieniT 
however, has shown these fears tn be groundless. 

One of the locomotives as used on the St. Clair Tunnel Railway is shoivn "i 
Fig, 344. These engines weigh 66 tons, and they are generally used in pairs. T"' 
locomotives are able to draw a 1,000-ton train through the tunnel and up the J I"' 
cent, gradient, the draw-bar pull being 50,000 lb. The approaches to the gradif"'; 
are about 4,000 ft. long. Each 2 per cent, gradient is about one mile long. """ 
a one-tenth per cent, gradient at the middle of the tunnel is one-third of a ""'' 
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long. Should it become necessary to stop the trains on the 2 per cent, gradient the 
locomotives can accelerate the train up to eleven miles per hour. The maximum 
safe speed of the locomotive is thirty miles per hour. 

Each locomotive has three pairs of driving wheels, 62 in. in diameter. The 
driving equipment consists of three 250 h.p. single-phase motors geared to the 
three driving axles. These motors are of the ten-pole compensated type and are 
designed to operate at a normal pressure of 235 volts and at a periodicity of 25 cycles 
per second. The motors are connected in parallel, and are so arranged that one 
or two machines can be disconnected if desired. Forced ventilation is used, and the 
blower which supplies the air under pressure also serves for the main auto-transformer. 
With forced ventilation the continuous rating of the motors is 750 amperes at 
235 volts. Under these conditions two locomotives can pull a 2,500-ton train at a 
constant speed of fifteen and a half miles per hour for any desired length of time 
on a straight level track. 

Upon completion each locomotive underwent a thorough test on the Interworks 
Railway at East Pittsburg. By means 
of a dynamometer the draw-bar pull 
exerted under various conditions was 
accurately measured. By setting the 
brakes on the train and keeping the 
locomotive brakes released a draw-bar 
pull of 45,000 lb. was obtained repeatedly 
by a single locomotive on clean, dry 
rails without sand. Tests were also 
made to ascertain the ability of the loco- 
motive to start and accelerate trains of 
various weights and to find the capacity 
of the motors in continuous service. 
All the tests gave very satisfactory 
results. It should be mentioned that 
these tests were made in 1908, and it is 
probable that even better results could 
be obtained with more modem equipment. Fig. 345 shows the results of a test made 
on a locomotive designated No. 1305, accelerating a trailing load of 500 tons on a 
slight gradient on the Interworks Railway. The upper set of curves show the line 
kilowatts, line volts, and line amperes, whilst the lower curves .show the motor 
amperes, motor kilowatts, motor volts, draw-bar pull, and speed. The gear ratio 
is 16 : 85, the diameter of the wheels 62 in., weight of locomotive and coaches 565*7 tons, 
maximum speed 16*5 miles per hour. 

As the test run from which these curves were derived was made on an up 
gradient there was practically no coasting, hence the watt-hours per ton-mile are 
somewhat high. The results of a test made in actual service with two locomotives 
drawing a 900-ton train through the tunnel are shown in Fig. 346. The motor amperes, 
motor kilowatts, and motor volts have been plotted, and direct comparison of the 
curves can be made with reference to the conditions as given on the profile. 

In addition to the motors the electrical equipment of each locomotive consists 
of a 3, 300- volt transformer, three preventive coils, a Une relay, three groups of con- 
tactor switches, two master controllers, two small storage batteries, and a small 
motor generator set. The transformer is connected to the current collector by 
means of a high-tension cable and the current passes through an oil circuit breaker 
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Fig. 345. — Acceleratioii Tests of Locomotive. 
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provided with a no-voltage release protective relay. Should a locomotive leave the 
rails and the frame become more or less insulated from earth this relay would cause 
the circuit breaker to open and to remain open till the earth connection had been 
re-established. There are three groups of contactors on each locomotive, two of 
which control the voltage supplied to the motors, whilst the third group serves for 
reversing the motors. 

Each set of main contactors consists of ten electro-magnetically operated switches ; 
the function of these is, of course, to connect the motors to the various tappings 
on the auto-transformer. There are four reversing contactors to each motor, so that 
in all there are twelve reversing contactors. A master controller is fixed at each 
end of the locomotive, and each has two interlocking handles — one for ordinary 
control purposes and the other for reversing. The master controller operates the 
various contactors by current from the 20-volt storage battery, and has seventeen 
running notches and three so-called switching notches. The latter are only used for 
running the locomotives without load at slow speed, as when passing over points 
in the yards. The circuit breakers are set to open when the low-tension current 
taken by the motors exceeds 4,500 amperes. Press buttons are provided for operating 
the pneumatic bell ringer, pneumatic sanding gear, the re-setting device of the circuit 

breaker, and the current collector. 
Foot pedals are also provided for operat- 
ing the bell and sanding gear. Two 
or more locomotives may be operated 
as one unit from any controller. The 
air brake is of the Westinghouse Com- 
pany's standard type, and there is an 
independent valve at each end of the 
locomotive. 

The open cut of the American 
approach to the tunnel comprises some 
ten acres of land. This area drains 
towards the entrance to the tunnel, at 
which point a pumping station has been 
bult. The pumping equipment consists of two motor-driven centrifugal pumps, each 
having a capacity of 4,000 gallons of water per minute. There is also a motor- 
driven centrifugal pump having a capacity of 150 gallons per minute. A similar 
pumping plant is situated at the Canadian entrance, but as the area of the open cut 
at this end is somewhat greater than that at the opposite end each pump in this 
station has a capacity of 5,500 gallons per minute. The tunnel itself is kept clear of 
water by two motor-driven centrifugal pumps, each of which has a capacity of 100 
gallons per minute. These pumps are situated in the tunnel at the foot of the Canadian 
gradient and discharge into a well at the Canadian entrance to the tunnel. A 
system of block signalUng is used within the tunnel. The main contractors for the 
work were the American Westinghouse Company. 

There are, of course, other American lines electrified on the single-phase system, 
but those dealt with are some of the most important. In America, as in this 
country, the system has met with considerable opposition, and many untrue state- 
ments have been made concerning it. A few years ago there were probably good 
grounds for complaint, for few new things are devoid of faults. Now, however, the 
system is well out of the experimental stage and is making rapid progress in many 
parts of the world. 
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Baldwin-Westinghouse Locomotives, 257 — 269, 

277—279, 292—294 
Behn-Eschenburg, Dr. H., 2, 197 
Bergmann Locomotive, 127 — 131 
BerBn Stadtbahn, 131, 132 
Blankenese- Hamburg- Ohlsdorf Railway, 93 — 

100 
Blowers, 196, 197 
Bogies, Motor, 49, 50, 160, 170, 193, 200, 201, 

213 
Booster Cables, 10, 11 
Boosters, 10 

Boston-Providence Section, 252 
Bracket Poles, 165 
Brakes, 50, 51, 193, 200 
Brakes, Electrical, 71, 179, 180 
Brown-Boveri Equipment, 88 — 90, 165, 166, 

171—173, 183—185 
Brush-Shifting Control Systems, 117, 127—130 



C. 



Cabins, Switch, 10, 11, 12, 16 

Centreing Device, Baldwin Locomotive Com- 
pany, 258, 259 

Chassis of Locomotive, 265 

Collectors, Current, 52, 113, 175, 195, 196, 201 
—203 

Compensating Windings, Arrangement of, Berg- 
mann Locomotive, 129 

Compressed Air Pipes, 77, 79 

Compressors, Air, 151, 208, 211 

Connections for Continuous Current and Single- 
Phase Working, 269 

Connections, Feeder, 94, 95, 286 

Connections, Locomotive, 71, 75 — 80, 82, 84, 
111, 112, 121—124, 126, 127, 161, 163, 177 
—179, 202, 240, 290 



Connections, Motor, 85, 129 

Connections, Motor Coach, 34, 54, 55, 72, 99, 

100, 138, 172, 173, 193, 194, 224, 250, 251, 

280 281 
Contactors, 78, 79, 100, 204r— 206, 263 
Continuous Current System, 276 
Control Systems, 112, 196, 203—206, 214—216, 

218 224 225 280 
Control Systems, Brush-Shifting, 117, 127—130 
Controllers, 54, 79, 174, 179, 2i4r— 216, 218 
Crossing of 11, 000- volt and 6,000- volt Wires, 

286, 287 
Current Collectors. 8ee Collectors. 
Current, Dual System, Disadvantages of, 269 
Curves. See Performance. 



D. 

Dessau-Bitterfeld Railway, 101—132 
Dimensions of Trains. See Weights, etc. 
Distribution Systems, 9, 10, 94, 95, 254r— 257 
Draining Water, Method of, 283 
Drivers' Compartments, Locomotive, 91, 113, 

114, 118, 183, 209, 210 

Driving Systems, Locomotive, 80, 81, 91, HI, 

115, 130, 149, 181, 185, 258—260, 265 



E. 

Electrification, Advantages of, and Reasons for 

Adopting, 144, 283 
Electrolytic Effects of Alternating Current, 10 
Energy required for Heating, 212 
Experimental 20,000-volt Siemens- Schuckert 

Locomotive, 238 
Experiments on Oerlikon Locomotives, Dr. H. 

Behn-Eschenburg, 197 
Extensions, Dessau-Bitterfeld RaUway, 101 
Extensions, London and Brighton Railway, 4 



F. 

Fans, 207, 211, 213 

Feeder Insulators. See Insulators. 

Feeders, 136, 220, 270, 286 

French Thomson- Houston Equipment, 58, 59, 

72—80 
French Westinghouse Equipment, 59, 69, 70 — 

72 
Frequency Changing Station at Spokane, 276, 

277 

G. 

Generators, 165, 166, 219 
Guard Nets. 247 
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H. 



Hangers, 273, 274, 287 
Heating, Energy required for, 212 
High Pressure Experiments, 235 
High Tension Direct Current Lines, 2 
Hoosac Tunnel, Length of, 283 
Hoosac Tunnel Railway, 283 — 290 



I. 



Induction Regulator, Locomotive, 83, 84, 122, 

127 
Insulators, Cost of, 284 
Insulators, Section, Feeder, etc., 60, 63, 95, 96, 

287 



K. 



Kiruna-Riksgransen Line, 235 



L. 



Locomotive Connections. See Connections. 

Locomotive Tests. See Tests. 

Locomotives, 69—92, 111—131, 149—161, 160 

—163, 175—180, 183—185, 197—218, 230, 

231, 233, 237—241, 257—269, 277—279, 

289, 290, 292—294 
London, Brighton and South Coast Railwav, 

4—41 
Lotschberg-Simplon Railway, 186 — 218 



M. 



Maps. Plans and Profiles, 3, 5, 8, 9, 43, 69, 102, 
133, 134, 142, 152, 186, 187, 188, 189, 242, 
283, 291 

Martigny-Orsi^res Railway, 165 — 174 

Measurements, Method of Taking, under 
Bridges and Tunnels, 26, 28, 30 

Midi Railway, 57—92 

Midland Railway, 42—56 

Mineral Trains, 237 

Mittenwald Railway, 142 — 151 

Motor Bogies. See Bogies. 

Motor Connections and Motor Coach Connec- 
tions. See Connections. 

Motor and Trailer Coaches, 28, 30—38, 48 — 56, 
72, 99, 100, 131, 139, 140, 166, 169—172, 
188, 192—197, 223—226, 231, 232, 247— 
251, 278, 280—282 

Motor Generator Sets, 207, 211 

Motors, 2, 3, 31—34, 52, 56, 69, 70, 72—75, 
84—88, 91, 116, 117, 121, 131, 150, 151, 
163, 171—173, 177, 179, 183, 195, 19i, 205 
—208, 224, 231, 269, 277, 278, 293 

Motors, Series versus Repulsion, 131, 199 

Mumau-Oberammergau Railway, 133 — 141 



N. 



New York, New Haven and Hartford Railway, 

252—269 
New York, Westchester and Boston Railway, 

270—275 
North Adams Yard, Electrification of, 283 



0. 



Oerlikon Equipment, 1, 2, 175—180, 197—218 

Overhead Construction, 1, 13, 15, 17—29, 43— 
47, 58—66, 98, 99, 102—108, 134—136, 
138, 139, 146—149, 155—159. 166—169, 
182, 188, 220—223, 228—231, 233, 237, 
243—248, 253, 254, 270—276, 284—288, 
291—292 

Overhead Wires, Difficulties of Erection, 286, 
287 

Overhead Wires, Method of Erection, 288 



P. 



Parma Single-Phase Tramways, 242 — 251 

Paul Overhead Equipment, 65 

Performance Curves for Locomotives, 89, 130, 
212, 263, 293 

Phase Separating Section, 221 

Power Stations and Supplies, 7, 47, 48, 57, 94, 
136, 142, 143, 145, 163—156, 165, 227, 236, 
242, 243, 253, 270, 276, 288, 291 



Q. 



Quill Drive, 258, 259, 265, 289 



R. 



Regenerative Systems, 77, 86 — 88 

Repair Shops, 38 — 40 

Repair Wagon, 40, 41 

RhsBtian Railway, 181—185 

Rjukan Railway, 233, 234 

Rock Island and Southern Railway, 280 — 282 

Rotterdam - Scheveningen Railway, 2 1 9 — 226 



S. 



Safety Device for Locomotive Bearings. A. E.G., 

112 
St. Clair Tunnel R' ilway, 291—294 
St. Polten-Mariazell Railway, 162—164 
Scott System of Phase Transformation, 219 
Section Insulators. See Insulators. 
Sectioning Posts, 61 
Siemens- Schuckert Equipment, 48, 51, 52, 54» 

65, 56, 98, 99, 119—128, 134—136, 138— 

140, 155—161, 163, 220—226, 237, 241, 

243—248 
Single-Phase Railways, Objections to, 1 
Single-Phase System, 1 — 3 
South London Line, 10 
Speed Indicator, 179 
Spiez-Frutigen Line, 186—180, 192 
Spokane and Inland Railway, 276 — 279 
Static Charges, Method of Preventing, 289 
Steel Contact Wire, Advantages of, 254 
Substations, 95, 96, 156, 157, 181, 18>, 227. 

233 
Supplies. See Power. 
Swedish State Railways, 235 — 241 
Switch-boxes, 168 
Switch Cabins, 10, 11, 12, 16 
Switches, Automatic, 63—65, 67, 68, 208 
System, Choice of, 3 
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T. 



Telephones. Method of Preventing Noise, 2, 

233, 234, 289 
Temperature Indicators, 158, 263 
Tests, Locomotive, 58, 68, 72, 88, 114, 131, 197, 

211—214 
Thamshavn-Lokken Railway, 227 — 232 
Three- Phase System, 2 
Tightening Gear, Automatic, 96, 98, 220, 223, 

245 
Track Filectrified, Length of, London, Brighton 

and South Coast Railway, 6 
Traffic Statistics, 6, 131, 152, 153, 235 
Trains, Method of Operating, 208, 284 
Tramways. See Parma. 
Transformers, 55, 56, 144—146, 150, 172, 196, 

196, 203, 204, 239—241, 277 
Transmission Lines, 96, 146, 156, 236, 237, 288 
Transmission Pressures, 101 



V. 



Valle-Maggia Railway, 175—180 
Vedovelli Priestley Overhead Equipment, 60 — 
68 

W. 

Weights and Dimensions of Trains, 2, 55, 68, 

74, 81, 111, 115, 128, 132, 175, 200, 218, 

247, 269 
Westinghouse Equipment, 48, 52, 55, 56, 228 — 

231, 277, 278, 293 
Windings, (Compensating, 129 
Winter-Eichburg Motors, 31—34, 150, 151 
Wire Tightening Gear, 96, 98. 220, 223, 246 
Wire in Tunne£, Methods of Supporting, 148, 

159, 161, 166 
Wires, Arrangement of, over Turntable, 108 
Wires, Overhead. See Overhead Wires. 
Wiring, Locomotive. See Connections. 
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Berlin Stadtbahn, 131, 132 
Locomotives, 131 
Motor Coaches, 131 
Pressure and Periodicity, 132 
Traffic Statistics, 131 
Weight of Trains, 132 
Blankenese-Hamburg-Ohlsdorf Railway, 
93—100 
Connections, Feeder, 94, 95 
Connections, Motor Coach, 99, 100 
Contactors, 100 
Distribution Svstem, 94, 95 
Map, 93 

Motor Coaches, 99, 100 
Overhead Construction, Siemens-Schuckert, 

98,99 
Power Station, 94 
Pressure and Periodicity, 94 
Section Insulators, 95, 96 
Sub-station, 95, 96 
Tightening Gear, Automatic, 96, 98 
Transmission Line, 96 
Dessau-Bitterfeld Railway, 101 — 132 
A.E.G. Locomotives, 111 — 119 

Brush Shifting Control System, 117 

Connections, Locomotive, 111, 112 

Control System, 112 

Current Collectors, 113 

Drivers' Compartments, Locomotives, 

113, 114, 118 
Drivinc^ System, Locomotives, 111, 116 
Goods Locomotive, Dimensions of, 115 
Passenger Locomotive, Dimensions of, 

111 
Safety Device for Bearings, 112 
Tests, Locomotives, 114 
Bergmann Locomotive, 127 — 131 

Brush Shifting Control System, 127 — 

130 
Compensating Windings, Arrangement 

of, 129 
Driving System, Locomotive, 130 
Locomotive, Dimensions of, 128 
Performance Curves for Locomotive, 

130 
Tests, Locomotive, 131 
Kxtensions, 101 
Locomotives, A.K.G., Bergmann, Siemens- 

Schuckert, 111—131 
Map, 102 

Motor, A.E.G., 116, 117 
Motors, Series versus Repulsion, 131 
Overhead Construction, A.E.G., 102 — 108 
Pressure and Periodicity, 101 
Siemens-Schuckert Locomotives, 119 — 128 
Connections, Locomotive, Goods, 126, 

127 
Connections, Locomotive, Passenger, 
121—224 



Dessau-Bitterfeld Railway — continued. 
Siemens - Schuckert Locomotives — con- 
tinued. 
Induction Regulator, Locomotive, 122, 

127 
Motor, 121 

Passenger Locomotive, Dimensions of, 
119 
Transmission Pressure, 101 
Wires, Arrangement of, over Turntable, 

108 
HoosAC Tunnel Railway, 283 — 290 

Crossing of 11, 000- volt and 6,000- volt 

Wires, 286, 287 
Draining Water, Method of, 283 
Electrical Equipment, 289 
Electrification, Advantages of, 283 
Feeder Insulator, 287 
Feeders, Method of Connection to. Contact 

Wires, 286 
Hangers, 287 

Hoosac Tunnel, Length of, 283 
Insulators, Cost of, 284 
Lines Electrified, Extent of, 283 
Locomotive Connections, 290 
Locomotives, Bald win- Westinghouse, 289, 

290 
Locomotives, Duty of, 289 
Map, Plan and Profile of Hoosac Tunnel, 

283 
North Adams Yards, Electrification of, 

283 
Overhead Construction, 284r— 288 
Overhead Wires, Difficulties of Erection, 

286, 287 
Overhead Wires, Method of Erection, 288 
Power Station, 288 
Quill Drive, 289 

Static Charges, Method of Preventing, 289 
Telephones, Method of Preventing Noise, 

289 
Trains, Method of Operating, 284 
Transmission Line, 288 
Locomotive Trials, 68, 68, 72, 88, 114, 

131 
London, Brighton and South Coast Railway, 

4—41 
Boosters, 10 
Booster Cables, 10, 11 
Cabins, Switch, 11, 12, 16 
Connections, Motor Coach, 34 
Distribution System, 9, 10 
Electrolytic Effects of. Alternating Current, 

10 
Map, Brighton Railway, 5 
Measurements, Method of Taking under 

Bridges and Tunnels, 26, 28, 30 
Motor and TraUer Coaches, 28, 30—38 
Overhead Construction, 13, 15, 17 — 29 
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London, Brighton and South Coast Railway 
— eontiniied. 
Power Supply, 7 
Pressure and Periodicity, 10 
Profiles of Electrified Lines, 8 
Recent Extensions, 4 
Repair Shops, 38 — 40 
Repair Wagon, 40, 41 
South London Line, 10 
Switch Cabins, U, 12, 16 
Track Electrified, Length of, 6 
Traffic Statistics, 6 
Winter-Eichberg Motors, 31 — 34 

LOTSCHBERG-SlMPLON RAILWAY, 186 — 218 

Experiments on Oerlikon Locomotives, 

Dr. H. Behn-Eschenburg, 197 
Locomotives, Oerlikon, 197 — 218 
Maps, 186, 187, 189 

Motor Coaches, Siemens-Schuckert, 188, 
192—197 
Blowers, 196, 197 
Brakes, Arrangement of, 193 
Control System, 196 
Current Collectors, 195, 196 
Diagram of Connections, 193, 194 
Heating Circuit, 197 
Motor Bogie, 193 
Motor Coach, Drawing of, 192 
Motors, 196, 196 
Transformers, 195, 196 
Oerlikon Locomotives, 197 — 218 

Oerlikon Locomotive, 2,000 h.-p., 197 
—214 
Air Compressor, 208, 211 
Automatic Switch, 208 
Auxiliaries, 210=--212 
Brakes, 200 
Contactors, 204 — 206 
Control System, 203—206 
Current Collectors, 201—203 
Diagram of Connections, 202 
Driver^s Compartment, 209, 210 
Duty of Locomotive, 199, 200 
Energy required for Heating, 

212 
Fan, 207, 211, 213 
Mechanical Construction, 200 
Method of Starting, 208 
Motor Bogies, 200, 201, 213 
Motor Generator Set, 207, 211 
Motors, 205 — 208 
Test Curves, 212 
Transformers, 203, 204 
Trial Runs, Records of and 

Results, 211—214 
Weights and Dimensions, 200 
Oerlikon Locomotive, 2,500 h.-p., 214 
—218 
Control System, 214 — 216, 218 
ControUers. 214—216, 218 
Duty of Locomotive, 218 
Weights and Dimensions, 218 
Overhead Construction, 188 
Pressure and Periodicity, 186 
Profile of Line, 188 
Repulsion Motors versus Series Motors, 

199 
Rolling Stock, 188, 192—218 
Siemens-Schuckert Motor Coaches, 188, 

Spiez-Frutigen Line, 186—189, 192 



Martigny-Orsieres Railway, 165 — 174 
Bracket Pole, 165 
Connections, Motor Coach, 172, 173 
Controller, 174 

D6ri Motors, Brown-Boveri, 171 — 173 
Generator, Brown-Boveri, 165, 166 
Motor Bogie, 170 
Motor Coaches, 165, 172 
Motor and Gearing, 173 
Overhead Construction, 166 — 169 
Power Supply, 165 
Pressure and Periodicity, 165 
Rolling Stock, 165, 169—172 
Starting Characteristics, 171, 172 
Supporting Wire in Tunnel, Method of, 

166 
Switch-box, 168 
Transformers, 172 

Weight of Electrical Equipment, 174 
Midi Railway, 57 — 92 

A. E.G. Locomotive, 90 — 92 
Driver's Compartment, 91 
Driving, Method of, 91 
Motors, Locomotive, 91 
Ateliers de Constructions Electriques du 
Nord et de FEst Locomotive, 80 — 
89 
Connections, Locomotive, 82 
Flexible Driving System, Locomotive, 

80, 81 
Induction Regulator, Locomotive, 83, 

84 
Motors, Locomotive, 84, 85 
Regenerative System, Locomotive, 86 

—88 
Starting Curves, Locomotive, 89 
Starting and Running Motor Connec- 
tions, 85 
Tests Results, Locomotive, 88 
Wiring Diagram, 82 
Brown-Boveri Locomotive, 88 — 90 

D6ri Motors, Locomotive, Brown- 
Boveri, 88 
French Thomson- Houston Locomotive, 72 
—80 
Compressed Air Pipes, Arrangement of, 

77, 79 
Connections, 75 — 80 
Contactors, 78, 79 
Controllers, 79 
Dimensions, 76 
Motors, 72—75 
Regenerative System, 77 
Wiring Diagram, 75 — 80 
French Westinghouse Locomotive, 69 — 
72 
Braking System, Electrical, 71 
Connections, 71 
Electrical Braking System, 71 
Motors, 69, 70 
Wiring Dia^am, 71 
Lines Electrified, 57 

Locomotives : A. E.G., AteUers de Con- 
structions Electriques du Nord et de 
TEst, Brown-Boveri, French Thomson- 
Houston, French Westinghouse, 69 — 
92 
Locomotives, Tables of Weights and 

Dimensions, 68, 81 
Motor Coaches, French Westinghouse, 
72 
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Midi Railway— continued. 

Overhead Construction, 68 — 66 
A.E.G. System, 59 
French Thomson- Houston System, 58, 

59 
French Westinghouse System, 59 
Paul System, 65 

Vedovelli-Priestley System, 60 — 68 
Power Stations, 57 
Pressure and Periodicity, 57 
Profile of Line, ViUefranche to lUe, 69 
Thomson- Houston. See French Thomson- 
Houston 
Trials of Locomotives, 58, 68, 72, 88 
VedoveUi-Priestley Overhead Equipment, 
60—68 
Automatic Switch, 63—65, 67, 68 
Insulator, Section, 63 
Link Insulator, 60 
Sectioning Post, 61 
Weights and Dimensions of Locomotives, 

Tables, 68, 81 
Westinghouse. See French Westinghouse. 
Midland Railway, 42 — 56 

Auxiliary Transformer, Siemens, 55, 56 
Bogie, Motor, 49, 50 
Bow, Siemens, 62 
Bow, Westinghouse, 52 
Connections, Diagrams of — 

Siemens Motor Coach, 54 
Westinghouse Motor Coach 
55 
Controllers, 54 

High-Tension Chamber, Siemens, 53 
Motor and Trailer Coaches, 48 — 56 
Motors, Siemens, 52 
Motors, Westinghouse, 52, 56 
Overhead Construction, Siemens, 43 — 47 
Plan of Electrified Lines, 43 
Power Station, 47, 48 
Pressure and Periodicity, 56 
Siemens Motor Coach, 48, 51, 52, 54 
Siemens Motor Coach Connections, 54 
Siemens Motors, 52 

Transformer, Auxiliary, Siemens, 55, 56 
Vacuum Brake, Combined Valve and 

Switch, 50, 51 
Weights of Siemens and Westinghouse 

Equipments, 55 
Westinghouse Motor, 52, 56 
Westinghouse Motor Coach, 48, 55 
Westinghouse Motor Coach Connections, 55 
Wiring Diagram, 46 

MiTTENWALD RAILWAY, 142 151 

Air Compressors, 151 

Alternator, 3,000 K.V.A., A.E.G., 143, 145 

Electric iSraction, Reasons for adopting, 

144 
Insulators, 149 
Locomotive, Method of Driving, A. E.G., 

149 
Locomotives, A.E.G. , 149 — 151 
Map, 142 

Motors, Wlnter-Eichberg, 150, 151 
Overhead Construction, A.E.G., 146 — 149 
Power Stations, 142, 143, 145 
Transformers, 144 — 146, 150 
Transmission Line, 146 
Tunnels and Bridges, 144, 148 
Voltage, Lighting, 151 
Wiring Arrangement in Tunnel, 148 



Murnau-Oberammergau Railway, 133 — 141 
Feeders, 136 
Map of Line, 133 
Motor Coach Connections, Siemens- 

Schuckert, 138 
Motor Coaches, Siemens - Schuckert, 139, 

140 
Motors, 140, 141 
Overhead Construction, Siemens -Schuckert, 

134—136, 138, 139 
Power Supply, 136 
Pressure and Periodicity, 133 
Profile of Line, 134 
New York, New Haven and Hartford Rail- 
way, 252—269 
Boston-Providence Section, 252 
Centreing Device, Baldwin Locomotive 

Company, 258, 259 
Chassis of Locomotive, 265 
Connections for Continuous Current and 

Single-Phase Working, 269 
Contactors, Electro-Pneumatic, 263 
Current, Dual System, Disadvantages of, 

269 
Diagrams of Distributing Systems, 255, 

256 
Distributing Systems, 254—257 
Driving Systems, 258—260 
Electrical Equipment, Weight of, 269 
Estimated Cost of Boston-Providence Sec- 
tion, 252 
Lines Electrified, 252 
Locomotive, 069 Type, 266—269 
Locomotive, 071, 072 Types, 264—267 
Locomotive Tests, 264, 266, 267 
Locomotives, Baldwin-Westinghouse, 257 

—269 
Motor Performance Curves, 263 
Motors, Twin, 267 
Motors, Twin, Advantages of, 268 
Overhead Construction, 253, 254 
Power Station, Cos Cob, 253 
Pressure and Periodicity, 253 
Quill Drive, 258, 259, 265 
Shunting Locomotive, Duty of, 263 
Shunting Locomotives, Baldwin-Westing- 
house, 260—262 
Steam Boiler and Storage Tanks, 266 
Steel Contact Wire, Advantages of, 254 
Temperature Indicator, 263 
New York, Westchester and Boston Rail- 
way, 270—275 
Anchoring Wires, Method of, 274 
Circuit Breakers, 270 
Feeders, 270 

Hangers, Straight and Bent, 273, 274 
Overhead Construction, 270 — 275 
Overhead Construction on Curves, 271 — 

273 
Power Supply, Cos Cob, 270 
Pressure and Periodicity, 270 
Parma Single-Phase Tramways, 242 — 251 
Car Depot, 243 
Car Dimensions, 247 
Connections, Car, 250, 251 
Guard Nets, 247 
Map of Electrified Line, 242 
Motor Cars, Siemens- Schuckert, 247 — 251 
Overhead Equipment, Siemens -Schuckert, 

243—248 
Power .station, 242, 243 



